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METHOD AND REAGENT FOR TREATMENT OF ARTHRITi n 
CONOmONS. INDUCTION OF GRAFT TOLERANCE AND 
REVERSAL OF IMMUNE RESPQN.qFC ^ 



5 Background of the Invention 

The following is a discussion of relevant art. none of which is admitted to 
be prior art to the present invention. 

In one aspect, this invention relates to methods for inhibition of 
osteoarthritis, in particular, inhibition of genetic expression which leads to a 
10 reduction or elimination of extracellular matrix digestion by matrix 
metalloproteinases. 

There are several types of arthritis, with osteoarthritis and rheumatoid 
arthritis being predominar.t. Osteoarthritis is a slowly progressive disease 
characterized by degeneration of articular cartilage with proliferation and 
15 remodeling of subchondral bone. It presents with a clinical picture of pain, 
deformity, and loss of joint motion. Rheumatoid arthritis is a chronic systemic 
inflammatory disease. Rheumatoid arthritis may be mild and relapsing or 
severe and progressive, leading to joint deformity and incapacitation. 

Arthritis is the major contributor to functional impaimient among the older 
20 population. It is the major cause of disability and accounts for a large 
proportion of the hospitalizations and health care expenditures of the elderiy. 
Arthritis is estimated to be the principal cause of total incapacitation for about 
one million persons aged 55 and older and is thought to be an important 
contributing cause for about one million more. 

25 Estimating the Incidence of osteoarthritis is difficult for several reasons. 

First, osteoarthritis is diagnosed objectively on the basis of reading 

radiographs, but many people with radiologic evidence of disease have no 
obvious symptoms. Second, the estimates of prevalence are based upon 
clinical evaluations because radiographic data is not available for all afflicted 

30 joints. In the NHANESI survey of 1989, data were based upon a thorough 
musculoskeletal evaluation during which any abnormalities of the spine, knee, 
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hips, and peripheral joints were noted as well as other specific diagnoses. 
Based on these observations, 12% of the US population between 25 and 74 
years of age have osteoarthritis. 

It is generally agreed that rheumatoid arthritis has a world-wide 
5 distribution and affects all racial and ethnic groups. The exact prevalence in 
the US is unknown but has been estimated to range between 0.5% and 1.5%. 
Rheumatoid arthritis occurs at all age levels and generally increases in 
prevalence with advancing age. It is 2-3 times more prevalent in women than 
in men and peak incidence occurs between 40-60 years of age. In addition to 
1 0 immunological factors, environmental, occupational and psychosocial factors 
have been studied for potential etioiogic roles in the disease. 

The extracellular matrix of multicellular organisms plays an important role 
in the formation and maintenance of tissues. The meshwork of the 
extracpllular matrix is rJ^posited by resident cells and provides a framework for 

15 cell adhesion and n.;gration. as well as a permeability barrier in cell-cell 
communication. Connective tissue turnover during normal growth and 
development or under pathological conditions is thought to be mediated by a 
family of neutral metalloproteinases, which are zinc-containing enzymes that 
require calcium for full activity. The regulation of metalloproteinase 

20 expression is cell-type specific and may vary among species. 

The best characterized of the matrix metailoproteinases. interstitial 
collagenase (MMP-1). is specific for collagen types I, II, and III. MMP-1 
cleaves all three chains of the triple helix at a single point initiating sequential 
breakdown of the interstitial collagens. Interstitial collagenase activity has 
25 been observed in rheumatoid synovial cells as well as in the synovial fluid of 
patients with inflammatory arthritis. Gelatinases (MMP-2) represent a 

subgroup of the metalloproteinases consisting of two distinct gene products; a 
70 kDa gelatinase expressed by most connective tissue cells, and a 92 kDa 
gelatinase expressed by inflammatory phagocytes and tumor cells. The larger 
30 enzyme is expressed by macrophages, SV-40 transformed fibroblasts, and 
neutrophils. The smaller enzyme is secreted by H-ras transformed bronchial 
epithelial cells and tumor cells, as well as normal human skin fibroblasts. 
These enzymes degrade gelatin (denatured collagen) as well as native 
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collagen type XI. Stromelysin (MMP-3) has a wide spectrum of action on 
molecules composing the extracellular matrix. It digests proteoglycans, 
fibronectin, laminin. type IV and IX collagens and gelatin, and can remove the 
N-terminal propeptide region from procollagen, thus activating the 
5 collagenase. it has been found in human cartilage extracts, rheumatoid 
synovial cells, and in the synovium and chondrocytes of joints in rats with 
collagen-induced arthritis. 

Both osteoarthritis and rheumatoid arthritis are treated mainly with 
compounds that inhibit cytokine or growth-factor induced synthesis of the 

10 matrix metalloproteinases which are involved in the extracellular matrix 
destruction observed in these diseases. Current clinical treatments rely upon 
dexamethasone and retinoid compounds, which are potent suppressors of a 
variety of metalloproteinases. The global effects of dexamethasone and 
retinoid treatment upon gene expression in treated cells make the 

15 development of alternative therapies desirable, especially for long term 
treatments. Recently, it was shown that gamma-interferon suppressed 
lipopolysaccharide induced collagenase and stromelysin production in 
cultured macrophages. Also, tissue growth factor-p (TGF-p ) Has'been shown 
to block epidermal growth factor (tGF) induction of stromelysin synthesis in 

20 vitro. Experimental protocols involving gene therapy approaches include the 
controlled expression of the metalloproteinase inhibitors Tlf^P-1 and TIMP-2. 
Of the latter three approaches, only y-interferon treatment is currently feasible 
in a clinical application. 

Sullivan and Draper, International PCT Publication No. WO 94/02595 
25 and Draper etaL, International PCT Publication No. WO 95/13380 disclose 
the use of ribozymes to treat arthritis. 

In a second aspect, the invention relates to methods for the induction of 
graft tolerance, treatment of autoimmune diseases, inflammatory disorders 
and allergies in particular, by inhibition of B7-1. B7-2, B7-3 and CD40. 

30 An adaptive immune response requires activation, clonal expansion, and 

differentiation of a class of cells termed T lymphocytes (T cells). T cell 
activation is a multi-step process requiring several signalling events between 
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the T cell and an antigen presenting cell. The ensuing discussioh details 
signals that are exchanged between T cells and antigen presenting B cells. 
Similar pathways are thought to occur between T cells and other antigen 
presenting cells such as monocytes or follicular dendritic cells. 

5 T cell activation is initiated when the T-cell receptor (TCR) binds to a 

specific antigen that is associated with the MHC proteins on the surface of an 
antigen presenting cell. This primary stimulus activates the T cell and induces 
expression of CD40 ligand (CD40L) on the surface of the T cell. CD40L then 
interacts with its cognate receptor, CD40, which is constitutively expressed on 

1 0 the surface of B cells; CD40 transduces the signal leading to B cell activation. 
B cell activations result in the expression of B7-1, B7-2 and/or B7-3, which in 
tum interacts with constitutively expressed CD28 on the surface of T cells. The 
interaction generates a secondary co-stimulatory signal that is required to fully 
activate the T cell. Complete T cell activation via the T cell receptor and CD28 

15 leads to cytokine secretion, clonal expansion, and differentiation. If the T cell 
receptor is engaged, absence of this secondary co-stimulus mediated by 
CD28, then the T cell is inactivated, either by clonal anergy (non- 
responsiveness or reduced" /eactivity of the immune system to specific 
antigen(s)) or clonal deletion (Jenkins et al.. 1987 Proc. Natl. Acad, ScL USA 

20 84, 5409). Thus, engagement of the TCR without a concommitant 
costimulatory signal results in a state of tolerance toward the specific antigen 
recognized by the T cell. This co-stimulatory signal can be mediated by the 
binding of 87-1 or 87-2 or B7-3, present on activated antigen-presenting cells, 
to CD28. a receptor that is constitutively expressed on the surface of the T cell 

25 (Marshall et aL, 1993 J Clin Immun 13, 165-174; Linsley, et al.. 1991 J Exp 
Med 173, 721; Koulova et al.. 1991 J Exp Med 173. 759; Harding et aL, 1992 
Nature 356. 607). 

Several homologs of 87 (now known as 87-1; Cohen, 1993 Science 

262, 844) are expressed in activated 8 cells (Freeman et al.. 1993 Science 
30 262. 907; Lenschow et al„ 1993Proc Natl Acad Sci USA 90. 11 054; Azuma et 
aL, 1993 Nature 3Q6, 76; Hathcock et aL, 1993Sc/0nce 262, 905; Freeman et 
aL. 1993Sc/snca 262, 909). B7-1 and B7-3 are only expressed on the surface 
of a subset of 8 cells after 48 hours of contact with T cells. In contrast. 87-2 
mRNA is constitutively expressed by unstimulated B cells and increases 4-fold 
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Within 4 hours of activation (Freeman et al.. ^993Science 262. 909; Boussiotis 
et al., 1993 Proc Natl Acad Sci USA 90. 1 1059). Since T cells commit to either 
the anergy or the activation pathway within 12-24 hours of the initial TCR 
signal, it is thought that B7-2 is the molecule responsible for the primary 
5 costimulatory signal. 87-1 and 87-3 may provide a subsequent signal 
necessary for clonal expansion. Antibodies to 87-2 completely block T cell 
proliferation in a mixed lymphocyte reaction (Azuma et al.. 1993 supra), 
supporting the central role of B7-2 in T cell activation. These experiments 
indicate that inhibition of B7-2 expression (for example with a ribozyme) would 
10 likely induce anergy. Similarly, inhibition of CD40 expression by a ribozyme 
would prevent 87-2 upregulation and could induce tolerance to specific 
antigens. 

B7 (B7-1) is a 60 KD modified trans-membrane glycoprotein usually 
present on the surface of antigen presenting cells (APC). 87 has two ligands- 
15 CD28 and CTLA4. Interaction of B7-1 with CD28 and/or CTLA4 causes 
activation of T cell responses (Janeway and Bottomly. 1994 Cell 76. 275). 

87-2 is a 70 KD (34 KD unmodified) tran. - membrane glycoprotein found 
on the surface of APCs. B7-2 encodes a 323 amino-acid protein which is 26 
% identical to human 87-1 protein. Like B7-1, CD26 and CTLA4 are 
20 selectively bound by B7-2. 87-2, unlike 87-1. is expressed on the surface of 
unstimulated 8 cells (Freeman et al., 1993 supra). 

CD40 is a 45-50 KD surface glycoprotein found on the surface of late 
pre-B cells in bone marrow, mature B cells, bone marrow-derived dendritic 
cells and follteular dendritic cells (Clark and Ledbetter, 1994 Nature 367, 425). 

Successful organ transplantation cun-ently requires suppression of the 
recipient's immune system in order to prevent graft rejection and maintain 
good graft function. The available therapies, including cyclosporin A. FK506 

and various monoclonal antibodies, ail have serious side effects (Caine. 1992 
TransplantaWon Proceedings 24, 1260; Fuleihan et al., 1994 J. Clin. Invest. 93, 
1315; Van Gool et al., 1994 Blood 83. 176) . In addition, existing therapies 
result in general immune suppression, leaving the patient susceptible to a 
variety of opportunistic infections. The ability to induce a state of iong-temi, 



25 



30 
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antigen-specific tolerance to the donor tissue would revolutionize the field of 
organ and tissue transplantation. Since organ graft rejection is mediated by T 
cell effector function, the goal is to block specifically the activation of the 
subset of T cells that recognize donor antigens. A limitation in the field of 
5 transplantation is the supply of donor organs (Nowak 1994 Science 266, 
1148), The ability to induce donor-specific tolerance would substantially 
increase the chances of successful allographs, xenographs, thereby greatly 
increasing the donor pool. 

Such transplantation includes grafting of tissues and/or organ ie., 
10 implantation or transplantation of tissue and/or organs, from the body of an 
individual to a different place within the same or different individual. 
Transplantation also involve grafting of tissues and/or organs from one area of 
the body to another. Transplantation of tissues and/or organs between 
genetically dissimilar animals of the same species is termed as allogeneic 
15 transplantation. Transplantation of animal organs into humans is termed 
xenotransplants (for a review see Nowak; 1994 Science 266. 1 148). 

One therapy currently being devc ' ^ped that has similar potential to 
induce antigen-specific tolerance is treatment with a CTLA4-lg fusion protein. 
"CTLA4'' is a homologue of CD28 that binds B7-1 and B7-2 with high affinity. 

20 The engineered, soluble fusion protein, CTLA4-lg. binds B7-1. thereby 
blocking its interaction with CD28. The results of CTLA4-lg treatment in 
animal studies are mixed. CTLA4-lg treatment significantly enhanced survival 
rates and ameliorated the symptoms of graft-versus host disease in a murine 
bone marrow tranplant model (Blazer et aL, 1994 Blood 83. 3815). CTLA4-lg 

25 induced long-term (>110 days) donor-specific tolerance in pancreatic islet 
xenographs (Lenschow et al., 1992Sc/ence 257, 789). Conversely, in another 
study CTLA4-lg treatment delayed but did not ultimately prevent cardiac 
allograft rejection (Turka, et al., 1992 Proc Nati Acad Set U S A 89, 11102). 
Mice immunized with sheep erythrocytes in the presence of CTLA4-lg failed to 

30 mount a primary immune response (Linsley. et al.. 1992Sc/ence 257. 792). A 
secondary immunization did elicit some response, however, indicating 
incomplete tolerance. Interestingly, identical results were obtained when 
CTLA4-lg was administered 2 days after primary immunization, leading the 
authors to conclude that CTLA4-lg blocked amplification rather than initiation 
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of the immune response. Since CTLA4-lg has been shown to dissociate more 
rapidly from B7-2 compared with B7-1. this may explain the failure to induce 
long temn tolerance In this model (Linsley et al., 1994 Immunity 1, 793). 

CTLA4:lg has recently been shown to ameliorate symptoms of 
5 spontaneous autoimmune disease in lupus-prone mice (Finck et al., 1994 
Science 265, 1225). 

Linsley et aL, WO 92/00092 describe B7 antigen as a ligand for CD28 
receptor on T cells. The application states that- 

"The B7 antigen, or its fragments or derivatives are reacted with C028 positive T cells to 

1 0 regulate T cell interactions with other cells 87 antigen or C028 receptor may be used to 

inhibit interaction of ceils associated with these molecules, thereby regulating T cell responses " 

De Boer and Conroy. WO 94/01547 describe the use of anti-B7 and anti- 
CD40 antibodies to treat allograft transplant rejection, graft versus host 
disease and rhematoid arthritis. The application states that- 

1 5 "...anti-B7 and anti-C040 antibodies., .can be used to prevent or treat an antibody- 

mediated or immune system disease in a patient.* 

Since signalling via CD40 precedes induction of B-7. blocking the CD40- 
CD40L interaction would also have the potential to produce tolerance. 
According to one report, simultaneous treatment of mice with antibodies to 

20 CD40L and sheep red blood cells produced antigen-specific tolerance for up 
to 3 weeks following cessation of treatment (Foy et aK. 1993J Exp Med 178, 
1567). Anti-CD40L also produces antigen specific tolerance in a pancreatic 
islet transplant model (R. Noelie. personal communication). Targeted 
inhibition of CD40 expression in B cells in addition to B7 would therefore 

25 afford double protection against activation of T cells. 

Therapeutic agents used to prevent rejection of a transplanted organ are 
all cytotoxic compounds or antibodies designed to suppress the cell-mediated 
immune system. The side effects of these agents are those of 
immunosuppression and infections. The primary approved agents are 
30 azathioprine, corticosteroids, cyclosporine; the antibodies are antilymphocyte 
or antithymocyte globulins. All of these are given to individuals who have 
been as closely matched as possible to their donors by both major and minor 
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histocompatibility typing. Since the principal problem in transplantation is an 
antigenic mismatch and the resulting need for cytotoxic therapy, any 
therapeutic improvement which decreases the local immune response without 
general immunosuppression should capture the transplant market. 

5 CvclosDorine: At the end of the 1970's and early 1980*s the introduction 

of cyclosporine revolutionized the transplantation field. It is a potent 
immunosuppressant which can inhibit immunocompetent lymphocytes 
specifically and reversibly. Its primary mechanism of action appears to be 
inhibition of the production and release of interieukin-2 by T helper cells. In 

10 addition it also interferes with the release of interleukin-1 by macrophages, as 
well as proliferation of B lymphocytes. It was approved by the FDA in 1983 
and by 1989 was almost universally given to transplant recipients. At first it 
was believed that the toxicity and side effects from cyclosporine were minimal 
and it was hailed as a "wonder drug." Numerous side effects have been 

15 progressively cited, including the appearance of lymphomas, especially in the 
gastrointestinal tract; acute and chronic nephrotoxicity: hypertension; 
hepatotoxicity; hirsutism; anemia; neurotoxicity; endocrine and neurological 
complications; and gastrointestinal distress. It is nc / v/idely acknowledged 
that the non-specific side effects of the drug demand caution and close 

20 monitoring of its use. One-year survival rates for cadaver kidney transplants 
treated with cyclosporine is 80%, much better than the 50-60% rates without 
the drug. The one-year survival is almost 90% for transplants with related 
donors and the use of cyclosporine. 

Azathioprlne: In addition to cyclosporine, azathioprine is used for 
25 transplant patients. Azathioprine is one of the mercaptopurine class of drugs 
and inhibits nucleic acid synthesis. Patients are maintained indefinitely on 
daily doses of Img/kg or less, with a dosage adjusted in accordance with the 
white cell count. The drug may cause depression of bone marrow elements 
and may cause jaundice. 

30 Corticosteroids: Prednisone, used in almost all transplant recipients, is 

usually given in association with azathioprine and cyclosporine. The dosage 
must be regulated carefully so as so prevent complications such as infection, 
development of cushingoid features, and hypertension. Usually the initial 
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maintenance prednisone dosage is 0.5 mg/kg/d. This dosage is usually 
further decreased in the outpatient clinic until maintenance levels of about 10 
mg/d for adults are obtained. The exact site of action of corticosteroids on the 
immune response is not known. 

5 Antlthvmoblast or antllvmohocvte gl obulin (ALG) and antithY mn^yto 

glQbglin (ATQ): These are important adjunctive immunosuppressants. They 
are effective, particularly in induction of immunosuppressive therapy and in 
the treatment of corticosteroid-resistant rejection. Both ALG and ATG can be 
made by immunizing horses, rabbits, or sheep; the main source is horses. 
10 Lymphocytes from human peripheral blood, spleen, lymph nodes, or thymus 
serve as the immunogen. 

Tagrolimu?: On April 13. 1994 the Food and Drug Administration 
approved another dmg to help prevent the rejection of organ transplants. The 
drug, tacrolimus, was approved only for use in liver transplant patients. An 
1 5 alternative to cyclosporine, the macrolide immunosuppressant tacrolimus is a 
powerful and selective anti-T-lymphocyte agent that was discovered in 1984. 
Tacrolimus, isolated from the fungus Streptomyces tsukubaensis, possesses 
immunodepressant properties similar to but more potent than cyclosporine. It 
inhibits both cell-mediated and humoral immune responses. Like 

20 cyclosporine, tacrolimus demonstrates considerable interindividual variation 
in its phamiacokinetic profile. Most clinical studies with tacrolimus have 
neither been published in their entirety nor subjected to extensive peer review; 
there is also a paucity of published randomized investigations of tacrolimus vs. 
cyclosporine. particularly in renal transplantation. Despite these drawbacks. 

25 tacrolimus has shown notable efficacy as a rescue or primary 
immunosuppressant therapy when combined with corticosteroids. The 
potential for reductional withdrawal of corticosteroid therapy with tacrolimus 
appears to be a distinct advantage compared with the cyclosporine. This 
benefit may be enhanced by reduced incidence of infectious complications, 

30 hypertension and hypercholesterolemia reported by some investigators, in 
other respects, the tolerability profile of tacrolimus appears to be broadly 
similar to that of cyclosporine. 



wo 96/1S736 



10 



PCT/US95/15516 



In addition to induction of graft tolerance, T cell anergy can be used to 
reverse autoimmune diseases. Autoimmune diseases represent a broad 
category of conditions. A few examples include insulin-dependent diabetes 
mellitus (IDDM), multiple schlerosis (MS), systemic lupus erythematosus 
5 (SLE), rheumatoid arthritis (RA), myasthenia gravis (MG), and psoriasis. 
These seemingly disparate diseases all share the common feature of 
inappropriate Immune response to specific self-antigens. Finck et al. supra 
have reported that CTl^4lg treatment of mice blocked 'auto-antibody 
production in a mice model of SLE. In fact, this effect was obsen/ed even 
1 0 when the CTLA4lg treatment was initiated during the advanced stages of the 
disease, suggesting that the autoimmune response was a reversible process. 

Chappel, WO 94/11011 describes methods to treat autoimmune 
diseases by inducing tolerance to cells, tissues and organs. The application 
states that- 

1 5 "Cells genetically engineered with DNA encoding a plurality of antigens of a cell, tissue, 

or organ to which tolerance is to be induced. The cells are free of co-stimulatory antigens, such 
as 67 antigen. Such ceils induce T-cell anergy against the proteins encoded by the DNA, and 
may be administered to a patient In order to prevent the onset of or to treat a\i autoimmune 
disease, or to induce tolerance to a tissue or organ prior to transplantation." 

20 Allergic reactions represent an immediate hypersensitivity response to 

environmental antigens, typically mediated by IgE antibodies. The ability to 
induce antigen-specific tolerance provides a powerful avenue to alleviate 
allergies by exposure to the antigen in conjunction with down-regulation of 
B7.1. B7-2, B7-3 or 0040, 

25 The specific roles of B7-1, B7-2 and B7-3 in T cell activation remains to 

be determined. Some studies suggest that their functions are essentially 
redundant (Hathcock et al 1994 J Exp. Med, 180. 631). or that the differences 
observed in the kinetics of expression might simply indicate that B7-2 is 
important in the initiation of the co-stimulatory signal, while 87-1 plays a role in 

30 the amplification of that signal. Other studies point to more specific functions. 
For example. Kuchroo et al., 1995 CeH 80, 707, have reported that blocking 
87- 1 expression may favor a Th2 response, while blocking B7-2 expression 
favors a Thi response. These two helper T cell subpopulations play distinct 
roles in the immune response and inflammatory disease. Thi cells are 
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Strongly correlated with auto-immune disease. Allergic responses are 
typically triggered by Th2 response. Therefore, the decision to target B7-1. 
B7-2, CD40 or a combination of the above will depend to the particular 
disease application. 

5 ■ 

Svimmgry qf the Inventiop 

Applicant notes that the inhibition of collagenase and stromelysin 
production in the synovial membrane of joints can be accomplished using 
ribozymes and antisense molecules. Ribozyme treatment can be a partner to 

10 current treatments which primarily target Immune cells reacting to pre-existing 
tissue damage. Early ribozyme or antisense treatment which reduces the 
collagenase or stromelysin-induced damage can be followed by treatment 
with the anti-inflammatories or retinoids, if necessary. In this manner, 
expression of the proteinases can be controlled at both transcriptional and 

1 5 translational levels. Ribozyme or antisense treatment can be given to patients 
expressing radiological signs of osteoarthritis prior to the expression of clinical 
symptoms. Ribozyme or antisense treatment can impact the expression of 
stromelysin without introducing the non-specific effects upon gene expression 
which accompany treatment with the retinoids and dexamethasone. The 

20 ability of stromelysin to activate procollagenase indicates that a ribozyme or 
antisense molecule which reduces stromelysin expression can also be used 
in the treatment of both osteoarthritis (which is primarily a stromelysin- 
associated pathology) and rtieumatold arthritis (which is primarily related to 
enhanced collagenase activity). 

25 While a number of cytokines and growth factors induce 

metalioproteinase activities during wound healing and tissue injury of a pre- 
osteoarthritic condition, these molecules are not preferred targets for 
therapeutic intervention. Primary emphasis is placed upon inhibiting the 
molecules which are responsible for the disruption of the extracellular matrix, 

30 because most people will be presenting radiologic or clinical symptoms prior 
to treatment. The most versatile of the metalloproteinases (the molecule which 
can do the most structural damage to the extracellular matrix, if not regulated) 
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is stromelysin. Additionally, this molecule can activate procollagenase, which 
in turn causes further damage to the collagen backbone of the extracellular 
matrix. Under normal conditions, the conversion of prostromelysin to active 
stromelysin is regulated by the presence of inhibitors called TIMPs (tissue 
5 inhibitors of MMP). Because the level of TIMP in synovial cells exceeds the 
level of prostromelysin and stromelysin activity is generally absent from the 
synovial fluid associated with non-arthritic tissues, the toxic effects of inhibiting 
stromelysin activity in non-target cells should be negligible. 

Thus, the invention features use of specific ribozyme molecules to treat or 
1 0 prevent arthritis, particularly osteoarthritis, by inhibiting the synthesis of the 
prostromelysin molecule in synovial cells, or by inhibition of other matrix 
metalloproteinases discussed above. Cleavage of targeted mRNAs 
(stromelysin mRNAs. including stromelysin 1. 2, and 3, and collagenase) 
expressed in macrophages, neutrophils and synovial cells represses the 
1 5 synthesis of the zymogen form of stromelysin, prostromelysin. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide ba » 
sequence specific manner. It is said that such enzymatic RNA molecules can 
be targeted to virtually any RNA transcript and efficient cleavage has been 
20 achieved in vitro, Kim et al., 84 Proc. Nat. Acad, of Sci. USA 8788, 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et al., 17 Nucleic Acid Research 1371. 1989. 

Six basic varieties of naturally-occurring enzymatic RNAs are known 
presently. Each can catalyze the hydrolysis of RNA phosphodiester bonds in 

25 trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table I summarizes some of the characteristics of these 
ribozymes. In general, enzymatic nucleic acids act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a enzymatic 
nucleic acid which Is held in close proximity to an enzymatic portion of the 

30 molecule that acts to cleave the target RNA. Thus, the enzymatic nucleic acid 
first recognizes and then binds a target RNA through complementary base- 
pairing, and once bound to the correct site, acts enzymatically to cut the target 
RNA. Strategic cleavage of such a target RNA will destroy its ability to direct 
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synthesis of an encoded protein. After an enzymatic nucleic acid has bound 
and cleaved its RNA target, it is released from that RNA to search for another 
target and can repeatedly bind and cleave new targets. 

By "enzymatic RNA molecule* it is meant an RNA molecule which has 
5 complementarity in a substrate binding region to a specified mRNA target, and 
also has an enzymatic activity which is active to specifically cleave that mRNA. 
That is, the enzymatic RNA molecule is able to intermolecularly cleave mRNA 
and thereby inactivate a target mRNA molecule. This complementarity 
functions to allow sufficient hybridization of the enzymatic RNA molecule to the 
10 target RNA to allow the cleavage to occur. One hundred percent 
complementarity is preferred, but complementarity as low as 50-75% may also 
be useful in this invention. For in vivo treatment, complementarity between 30 
and 45 bases is preferred; although lower numbers are also useful. 

By "complementary" is meant a nucleotide sequence that can form 
15 hydrogen bond(s) with other nucleotide sequence by either traditional 
Watson-Crick or other non-traditional types (for example Hoogsteen type) of 
base-paired interactions. 

The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid molecule 

20 simply binds to a nucleic acid target to block its translation) since the 
concentration of ribozyme necessary to affect a therapeutic treatment is lower 
than that of an antisense oligonucleotide. This advantage reflects the ability of 
the ribozyme to act enzymatically. Thus, a single ribozyme molecule is able to 
cleave many molecules of target RNA. In addition, the ribozyme is a highly 

25 specific inhibitor, with the specificity of inhibition depending not only on the 
base pairing mechanism of binding to the target RNA, but also on the 
mechanism of target RNA cleavage. Single mismatches, or base- 
substitutions, near the site of cleavage can completely eliminate catalytic 

activity of a ribozyme. Similar mismatches in antisense molecules do not 

30 prevent their action (Woolf. T. M., et aL, 1992, Proc. Natl. Acad. Sci. USA . 89, 
7305-7309). Thus, the specificity of action of a ribozyme is greater than that of 
an antisense oligonucleotide binding the same RNA site. 
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In preferred embodiments of this invention, the enzymatic nucleic acid 
molecule is formed in a hammerhead or hairpin motif, but may also be fomied 
in the motif of a hepatitis delta virus, group i intron or RNaseP RNA (in 
association with an RNA guide sequence) or Neurospora VS RNA. Examples 
5 of such hammerhead motifs are described by Rossi ef a/.. 1992, Aids 
Research and Human Retroviruses 8, 183, of hairpin motifs by Hampel et a/., 
EPA 0360257, Hampel and Tritz. 1989 Biochemistry 28. 4929, and Hampel et 
a!.. 1990 Nucleic Acids Res. 18. 299, and an example of the hepatitis delta 
vims motif is described by Perrotta and Been, 1992 Biochemistry 31 , 16; of the 

10 RNaseP motif by Guerrier-Takada et a!., 1983 Cell 35. 849. Neurospora VS 
RNA ribozyme motif is described by Collins (Saville and Collins, 1990 Cell 
61, 685-696; Saville and Collins, 1991 Proc. Natl. Acad. Sci. USA 88. 8826- 
8830; Collins and Olive, 1993 Biochemistn/ 32. 2795-2799) and of the Group I 
intron by Cech et al.. U.S. Patent 4,987,071. These specific motifs are not 

15 limiting in the invention and those skilled in the art will recognize that all that is 
important in an enzymatic nucleic acid molecule of this invention which is 
complementary to one or more of the target gene RNA regions, and that it 
have nucleotide sequences within or surrounding that substrate binding site 
which impart an RNA cleaving activity to the molecule, 

20 The invention provides a method for producing a class of enzymatic 

cleaving agents which exhibit a high degree of specificity for the RNA of a 
desired target. The enzymatic nucleic acid molecule is preferably targeted to 
a highly conserved sequence region of a target stromelysin encoding mRNAs 
such that specific treatment of a disease or condition can be provided with 

25 either one or several enzymatic nucleic acids. Such enzymatic nucleic acid 
molecules can be delivered exogenously to specific cells as required. 
Altematively, the ribozymes can be expressed from DNA or RNA vectors that 
are delivered to specific cells. 

Synthesis of nucleic acids greater than 100 nucleotides in length is 
30 difficult using automated methods, and the therapeutic cost of such molecules 
is prohibitive. In this invention, small enzymatic nucleic acid motifs (e.g., of the 
hammertiead or the hairpin structure) are used for exogenous delivery. The 
simple structure of these molecules increases the ability of the enzymatic 
nucleic acid to invade targeted regions of the mRNA structure. However. 
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these catalytic RNA molecules can also be expressed within cells from 
eukaryotic promoters (e.g., Scanlon et al.. 1991. Proc. Natl. Acad. Syi , i jra, 
88. 10591-5; Kashani-Sabet et al.. 1992 Antisense Res. Dav. 2. 3-15; 
Dropullc et al.. 1992 J. Virol. 66. 1432-41; Weerasinghe et a!.. 1991 J. Virol . 
5 65. 5531-4: Ojwang et al., 1992 Proc. Natl. A cad. Sci. USA 89, 10802-6; 
Chen et al.. 1992 Nucleic Acids Ras 20. 4581-9; Sarver et al., 1990 Science 
247. 1222-1225; Thompson et al., 1995 Nucleic Acids Ran 9^ 2259). Those 
stalled in the art realize that any ribozyme can be expressed irv eukaryotic cells 
from the appropriate DNA vector. The activity of such ribozymes can be 
1 0 augmented by their release from the primary transcript by a second ribozyme 
(Draper et al,. PCT WO 93/23569, and Sullivan et al.. PCT WO 94/02595; 
Ohkawa et al.. 1992 Nucleic Acids Svmp. Ser. 27. 15-6; Taira et al., 1991, 
Nudeig Acid? Res,. 19. 5125-30; Ventura et al., 1993 Nucleic Acids Ra..^ P 1 , 
3249-55; Chowrira et al., 1994 J. Biol. Cham 269. 25856) . 

1 5 Ribozyme therapy, due to its exquisite specificity, is particularly well- 

suited to target mRNA encoding factors that contribute to disease pathology. 
Thus, ribozymes that cleave stromelysin mRNAs may represent novel 
therapeutics for the treatment of asthma. 

Thus, in a first aspect, the invention features ribozymes that inhibit 
20 stromelysin production. These chemically or enzymatically synthesized RNA 
molecules contain substrate binding domains that bind to accessible regions 
of their target mRNAs. The RNA molecules also contain domains that catalyze 
the cleavage of RNA. The RNA molecules are preferably ribozymes of the 
hammerhead or hairpin motif. Upon binding, the ribozymes cleave the target 
25 stromelysin encoding mRNAs, preventing translation and stromelysin protein 
accumulation. In the absence of the expression of the target gene, a 
therapeutic effect may be observed. 

By "inhibir is meant that the activity or level of stromelysin encoding 
mRNAs and protein is reduced below that observed in the absence of the 
30 ribozyme, and preferably is below that level observed in the presence of an 
inactive RNA molecule able to bind to the same site on the mRNA. but unable 
to cleave that RNA. 
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Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the level of stromelysin activity in a cell or tissue. By "related" is 
meant that the inhibition of stromelysin mRNAs and thus reduction in the level 
5 of stromelysin activity will relieve to some extent the symptoms of the disease 
or condition. 

Ribozymes are added directly, or can be complexed with cationic lipids, 
paci<aged within liposomes, or otherwise delivered to target cells. The RNA or 
RNA complexes can be locally administered to relevant tissues ex vivo , or in 

10 vivo through injection, aerosol inhalation, infusion pump or stent, with or 
without their incorporation in biopolymers. In preferred embodiments, the 
ribozymes have binding arms which are complementary to the sequences in 
Tables All, AMI, AlV, AVI, AVIII and AIX. Examples of such ribozymes are 
shown in Tables AV, AVII. AVIII and AIX, Examples of such ribozymes consist 

1 5 essentially of sequences defined in these Tables. 

By "consists essentially of is meant that the active ribozyme contains an 
enzymatic center equivalent to those in the examples, and binding arms able 
to bind mRNA such that cleavage at the target site occurs. Other sequences 
may be present which do not interfere with such cleavage. 

20 In a related aspect the invention features ribozymes that cleave target 

molecules and inhibit stromelysin activity are expressed from transcription 
units inserted into DNA or RNA vectors. The recombinant vectors are 
preferably DNA plasmids or viral vectors. Ribozyme expressing viral vectors 
could be constructed based on, but not limited to, adeno-associated virus. 

25 retrovirus, adenovirus, or alphavirus. Preferably, the recombinant vectors 
capable of expressing the ribozymes are delivered as described above, and 
persist in target cells. Altematively. viral vectors may be used that provide for 
transient expression of ribozymes. Such vectors might be repeatedly 
administered as necessary. Once expressed, the ribozymes cleave the target 

30 mRNA. Delivery of ribozyme expressing vectors could be systemic, such as by 
intravenous or intramuscular administration, by administration to target cells 
ex-planted from the patient followed by reintroduction into the patient, or by 
any other means that would allow for introduction into the desired target cell. 
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By "vectors'* is meant any nucleic acid- and/or viral-based technique 
used to deliver a desired nucleic acid. 

This class of chemicals exhibits a high degree of specificity for cleavage 
of the intended target mRNA. Consequently, the ribozyme agent will only 
5 affect cells expressing that particular gene, and will not be toxic to normal 
tissues. 

The invention can be used to treat or prevent (prophylactically) 
osteoarthritis or other pathological conditions which are mediated by 
metalloproteinase activation. The preferred administration protocol is in vivo 
1 0 administration to reduce the level of stromelysin activity. 

Thus, the invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of an 
arthritic condition, fi^, mRNA encoding stromelysin, and in particular, those 
mRNA targets disclosed in the accompanying tables, which include both 

15 hammerhead and hairpin target sites. In each case the site is flanked by 
regions to which appropriate substrate binding arms can be synthesized and 
an appropriate hammerhead or hairpin motif can be added to provide 
enzymatic activity, by methods described herein and known in the art. For 
example, referring to Figure 1. arms I and III are modified to be specific 

20 substrate-binding amis, and arm 11 remains essentially as shown. 

Ribozymes that cleave stromelysin mRNAs represent a novel therapeutic 
approach to arthritic disorders like osteoarthritis. The invention features use of 
ribozymes to treat osteoarthritis, e.g.. by inhibiting the synthesis of 
prostromelysin molecule in synovial cells or by the inhibition of matrix 
25 metalloproteinases. Applicant indicates that ribozymes are able to inhibit the 
secretion of stromelysin and that the catalytic activity of the ribozymes is 
required for their inhibitory effect. Those of ordinary skill in the art, will find that 

it is Clear Uom the examples described that other ribozymes that cleave 
stromelysin encoding mRNAs may be readily designed and are within the 
30 invention. 

In other related aspects, the invention features a mammalian cell which 
includes an enzymatic RNA molecule as described above. Preferably, the 



wo 96/18736 



PCrAJS95/l5516 



18 

mammalian cell is a human cell; and the invention features an expression 
vector which includes nucleic acid encoding an enzymatic RNA molecule 
described above, located in the vector, g^, in a manner which allows 
expression of that enzymatic RNA molecule within a mammalian cell; or a 
5 method for treatment of a disease or condition by administering to a patient an 
enzymatic RNA molecule as described above. 

The invention provides a class of chemical cleaving agents which exhibit 
a high degree of specificity for the mRNA causative of an arthritic condition. 
Such enzymatic RNA molecules can be delivered exogenously or 
1 0 endogenously to infected cells. In the preferred hammerhead motif the small 
size (less than 40 nucleotides, preferably between 32 and 36 nucleotides in 
length) of the molecule allows the cost of treatment to be reduced. 

The enzymatic RNA molecules of this invention can be used to treat 
arthritic or prearthritic conditions. Such treatment can also be extended to 
1 5 other related genes in nonhuman primates. Affected animals can be treated at 
the time of arthritic risk detection, or in a prophylactic manner. This timing of 
treatment will reduce the chance of further arthritic damage. 

In another aspect, the invention features novel nucleic acid-based 
techniques [e.g., enzymatic nucleic acid molecules (ribozymes), antisense 
20 nucleic acids, 2-5A antisense chimeras, triplex DNA, antisense nucleic acids 
containing RNA cleaving chemical groups (Cook et al., U.S. Patent 
5.359.051)] and methods for their use to induce graft tolerance, to treat 
autoimmune diseases such as lupus, rheumatoid arthritis, multiple sclerosis 
and to treatment of allergies. 

25 In a preferred embodiment, the invention features use of one or more of 

the nucleic acid-based techniques to induce graft tolerance by inhibiting the 
synthesis of B7-1, B7-2, B7-3 and CD40 proteins. 

Those in the art will recognize the other potential targets, for e.g.. ICAM-1 , 
VCAM-1. pi integrin (VLA4) are also suitable for treatment with the nucleic 
30 acid-based techniques described in the present invention. 
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By "inhibit" is meant that the activity of 87-1, 67-2, B7-3 and/or CD40 or 
level of mRNAs encoded by B7-1, B7-2, 87-3 and/or CD40 is reduced below 
that observed in the absence of the nucleic acid. In one embodiment, 
inhibition with ribozymes preferably is below that level observed in the 
5 presence of an enzymatically inactive RNA molecule able to bind to the same 
site on the mRNA, but unable to cleave that RNA. 

By -equivalent- RNA to B7-1, 87-2, 87-3 and/or CD40 is meant to include 
those naturally occurring RNA molecules associated with graft rejection in 
various animals, including human, mice, rats, rabbits, primates and pigs. 

10 By ''antisense nucleic acid" is meant a non-enzymatic nucleic acid 

molecule that binds to another RNA (target RNA) by means of RNA-RNA or 
RNA-DNA or RNA-PNA (protein nucleic acid; Egholm et al.. 1993 Nature 365. 
566) interactions and alters the activity of the target RNA (for a review see 
Stein and Cheng, 1993 Sc/ence 261, 1004). 

15 By ''2-5A antisense chimera' is meant, an antisense oligonucleotide, 

containing a 5* phosphorylated 2*-5'-linked adenylate residues. These 
chimeras bind to target RNA in a sequence-specific manner and activate a 
cellular 2-5A-dependent ribonuclease which in turn cleaves the target RNA 
(Tonrence et al., 1993 Proc, NatL Acad. ScL USA 90, 1300). 

20 By "triplex DNA" is meant an oligonucleotide that can bind to a double- 

stranded DNA in a sequence-specific manner to fonm a triple-strand helix. 
Triple-helix formation has been shown to inhibit transcription of the targeted 
gene (Duval-Valentln et aL. 1992 Proc, NatL Acad. SciUSA 89. 504). 

By "gene" is meant a nucleic acid that encodes an RNA. 

25 Ribozymes that cleave the specified sites in 87-1. B7-2. B7-3 and/or 

CD40 mRNAs represent a novel therapeutic approach to induce graft 

tolerance and treat autoimmune diseases, allergies and other inflammatory 
conditions. Applicant indicates that ribozymes are able to inhibit the activity of 
87- 1, B7-2, 87-3 and/or CD40 and that the catalytic activity of the ribozymes is 
30 required for their inhibitory effect. Those of ordinary skill in the art, will find that 
it is clear from the examples described that other ribozymes that cleave these 
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sites in B7-1, B7-2, B7-3 and/or CD40 mRNAs may be readily designed and 
are within the invention. 

In a preferred embodiment the invention provides a method for producing 
a class of enzymatic cleaving agents which exhibit a high degree of specificity 
5 for the RNA of a desired target. The enzymatic nucleic acid molecule is 
preferably targeted to a highly conserved sequence region of a target mRNAs 
encoding 87-1, B7-2. B7-3 and/or CD40 proteins such that specific treatment 
of a disease or condition can be provided with either one or several enzymatic 
nucleic acids. Such enzymatic nucleic acid molecules can be delivered 
10 exogenously to specific cells as required. Alternatively, the ribozymes can be 
expressed from DNA/RNA vectors that are delivered to specific cells. 

Such ribozymes are useful for the prevention of the diseases and 
conditions discussed above, and any other diseases or conditions that are 
related to the levels of B7-1, B7-2, B7-3 and/or CD40 activity in a cell or tissue. 
15 By "related" is meant that the inhibition of B7-1, B7-2, B7-3 and/or CD40 
mRNAs and thus reduction in the level respective protein activity will relieve to 
some extent the symptoms of the disease or condition. 

Ribozymes are added directly, or can be complexed with cationic lipids, 
packaged within liposomes, or othen/vise delivered to target cells. The nucleic 

20 acid or nucleic acid complexes can be locally administered to relevant tissues 
ex vivo, or in vivo through injection, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes have 
binding amis which are complementary to the sequences in Tables Bll, BIV, 
BVI, BVIll. BX, BXII. BXIV. BXV. BXVI. BXVII, BXVIII and BXIX. Examples of 

25 such ribozymes are shown in Tables Bill. BV, BVI, BVII. BIX, BXI. BXIII, BXIV, 
BXV, BXVI, BXVII, BXVIII and BXIX. Examples of such ribozymes consist 
essentially of sequences defined in these Tables. 

In another aspect of the invention, ribozymes that cleave target 
molecules and inhibit B7-1, B7-2, 87-3 and/or CD40 activity are expressed 
30 from transcription units inserted into DNA or RNA vectors. The recombinant 
vectors are preferably DNA plasmids or viral vectors. Ribozyme expressing 
viral vectors could be constructed based on, but not limited to, adeno- 
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associated virus, retrovirus, adenovirus, or alphavirus. Preferably, the 
recombinant vectors capable of expressing the ribozymes are delivered as 
described above, and persist in target cells. Alternatively, viral vectors may be 
used that provide for transient expression of ribozymes. Such vectors might be 
5 repeatedly administered as necessary. Once expressed, the ribozymes 
cleave the target mRNA. Delivery of ribozyme expressing vectors could be 
systemic, such as by intravenous or intramuscular administration, by 
administration to target cells ex-planted from the patient followed by 
reintroduction into the patient, or by any other means that would allow for 
1 0 introduction into the desired target cell. 

Other features and advantages of the invention will be apparent from the 
following description of the preferred embodiments thereof, and from the 
claims. 



Description of th e PreferrfiH Embodiments 
The drawings will first briefly be described. 
Drawings 

Figure 1 is a diagrammatic representation of the hammerhead ribozyme 
domain known in the art. Stem li can be > 2 base-pairs long. 

Figure 2a is a diagrammatic representation of the hammerhead ribozyme 
domain known In the art; Figure 2b is a diagrammatic representation of the 
hammerhead ribozyme as divided by Uhlenbeck ^987. Nature . 327, 596-600) 
into a substrate and enzyme portion; Figure 2c is a similar diagram showing 
the hammeriiead divided by Haseloff and Gerlach (1988, Nature , 334, 585- 
591) Into two portions; and Figure 2d is a similar diagram showing the 
hammerhead divided by Jeffries and Symons (1969, Nucl. Acids. Res. . 17, 
1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general stmcture of a 
hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs {i.e., n is 
1 , 2, 3 or 4) and helix 5 can be optionally provided of length 2 or more bases 
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(preferably 3 - 20 bases, i.e., m is from 1 - 20 or more). Helix 2 and helix 5 
may be covalently linked by one or more bases (/.e., r is > 1 base). Helix 1 , 4 
or 5 may also be extended by 2 or more base pairs {e,g., 4 - 20 base pairs) to 
stabilize the ribozyme structure, and preferably is a protein binding site. In 
5 each instance, each N and N* independently is any nonnal or modirted base 
and each dash represents a potential base-pairing interaction. These 
nucleotides may be modified at the sugar, base or phosphate. Complete base- 
pairing is not required in the helices, but is preferred. Helix f and 4 can be of 
any size (/.e., o and p is each independently from 0 to any number, e.g., 20) as 

10 long as some base-pairing is maintained. Essential bases are shown as 
specific bases in the structure, but those in the art will recognize that one or 
more may be modified chemically (abasic, base, sugar and/or phosphate 
modifications) or replaced with another base without significant effect. Helix 4 
can be formed from two separate molecules, i.e., without a connecting loop. 

15 The connecting loop when present may be a ribonucleotide with or without 
modifications to its base, sugar or phosphate. "q" is > 2 bases. The 
connecting loop can also be replaced with a non-nucleotide linker molecule. 
H , refers to bases A, U or C, Y refers to pyrimidine bases. " - " refers to a 
chemical bond. 

20 Figure 4 is a representation of the general structure of the hepatitis delta 

virus ribozyme domain known in the art. 

Figure 5 is a representation of the general structure of the self-cleaving 
VS RNA ribozyme domain. 

Figure 6 is a schematic representation of an RNaseH accessibility assay. 
25 Specifically, the left side of Figure 6 is a diagram of complementary DNA 
oligonucleotides bound to accessible sites on the target RNA. 
Complementary ONA oligonucleotides are represented by broad lines labeled 
A, B, and C. Target RNA is represented by the thin, twisted line. The right side 
of Figure 6 is a schematic of a gel separation of uncut target RNA from a 

30 cleaved target RNA. Detection of target RNA is by autoradiography of body- 
labeled, T7 transcript. The bands common to each lane represent uncleaved 
target RNA; the bands unique to each lane represent the cleaved products. 
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Figure 7 shows in vitro cleavage of stromelysin mRNA by HH ribozymes. 

Hc: oyTJ^^^ stromelysin expression by 21 HH ribozyme in 

Hb-27 fibroblast cell line. 

^ ■ ue?,Tu ^^^^-^^'V^-n expression by 463HH ribozyme 

5 in HS-27 fibroblast celt line. 

Figure 10 shows inhibition of stromelysin expression by 1049HH 
nbozyme in HS-27 fibroblast cell line. 

Figure 11 shows inhibition of stromelysin expression by 1366HH 
nbozyme in HS-27 fibroblast cell line. 

10 Figure 12 shows inhibition of stromelysin expression by 1410HH 

nbozyme in HS-27 fibroblast cell line. 

Figure 13 shows inhibition of stromelysin expression by 1489HH 
ribozyme in HS-27 fibroblast cell line. 

Figure 14 shows 1049HH ribozyme-mediated reduction in the level of 
1 5 Stromelysin mRNA in rabbit knee. 

Figure 15 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA in rabbit knee. 

Figure 16 shows 1049HH ribozyme-mediated reduction in the level of 
stromelysin mRNA in rabbit knee. 

20 Figure 17 shows the effect of phosphorothioate substitutions on the 

catalytic activity of 1049 2'-C.allyl HH ribozyme. A) diagrammatic 
representation of 1049 hammerhead ribozyme-substrate complex. 1049 U4. 
C-allyl P=S nbozyme represents a hammerhead containing ribose residues at 
five positions. The remaining 31 nucleotide positions contain 2'-hydroxyl 

25 group substitutions, wherein 30 nucleotides contain 2'-0-methyl substitutions 
and one nucleotide (U4) contains 2'-C.allyl substitution. Additionally five 
nucleotides within the ribozyme. at the 5" and S' termini, contain 
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phosphorothioate substitutions. B) shows the ability of ribozyme described in 
Fig. 17A to decrease the level of stromelysin RNA in rabbit knee. 

Figure 18 is a diagrammatic representation of chemically modified 
ribozymes targeted against stromelysin RNA. 1049 2'-amino P=S Ribozyme 
5 represents a hammerhead containing ribose residues at five positions. The 
remaining 31 nucleotide positions contain 2'-hydroxyl group substitutions, 
wherein 29 nucleotides contain 2*-0-methyl substitutions and two nucleotides 
(U4 and U7) contain 2'-amino substitution. Additionally, the 3' end of this 
ribozyme contains a 3'-3' linked inverted T and four nucleotides at the 5* 
1 0 termini contain phosphorothioate substitutions. Arrow-head indicates the site 
of RNA cleavage (site 1049). 1363 2'-Amino P=S. Human and Rabbit 1366 2'- 
Amino P=S ribozymes are identical to the 1049 2'-amino P=S ribozyme 
except that they are targeted to sites 1363 and 1366 within stromelysin RNAs. 

Figure 19 shows 1049 2'-amino P=S ribozyme-mediated reduction in the 
1 5 level of stromelysin mRNA in rabbit knee. 

FigiTo 20 shows 1363 2'-amino P=S ribozyme-mediated reduction in the 
level of ^^uomelysin mRNA in rabbit knee. 

Figure 21 shows 1366 2*-amino P=S ribozyme-mediated reduction in the 
level of stromelysin mRNA in rabbit knee. 

20 Figures 22a-d are diagrammatic representations of non-limiting 

examples of base modifications for adenine, guanine, cytosine and uracil, 
respectively. 

Figure 23 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel ef a/., Nucleic Acids Res. 1992, 
25 20:3252) showing specific substitutions in the catalytic core and substrate 
binding arms. Compounds 4, 9, 13, 17» 22 and 23 are described in Fig. 24. 

Figure 24 is a diagrammatic representation of various nucleotides that 
can be substituted in the catalytic core of a hammerhead ribozyme. 

Figure 25 is a diagrammatic representation of the synthesis of a 
30 ribothymidine phosphoramidite. 
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Figure 26 is a diagrammatic representation of the synthesis of a 
5-methylcytidine phosphoramidite. 

Figure 27 is a diagrammatic representation of the synthesis of 

5- bromouridlne phosphoramidite. 

5 Figure 28 is a diagrammatic representation of the synthesis of 

6- azauridine phosphoramidite. 

Figure 29 is a diagrammatic representation of the synthesis of 
2,6-diaminopurine phosphoramidite. 

Figure 30 is a diagrammatic representation of the synthesis of a 
10 6-methyluridine phosphoramidite. 

Figure 31 is a representation of a hammerhead ribozyme targeted to site 
A (HH-A). Site of 6-methyl U substitution is indicated. 

Figure 32 shows RNA cleavage reaction catalyzed by HH-A ribozyme 
containing 6-methyl U-substitution (6-methy|.U4). U4. represents a HH-A 
1 5 ribozyme containing no 6-methyl-U substitution. 

Figure 33 is a representation of a hammerhead ribozyme targeted to site 
B (HH-B). Sites of 6-methyl U substitution are indicated. 

Figure 34 shows RNA cleavage reaction catalyzed by HH-B ribozyme 
containing 6-methyl U-substitutions at U4 and U7 positions (6-methyl-U4). U4. 
20 represents a HH-B ribozyme containing no 6-methyl-U substitution. 

Figure 35 is a representation of a hammerhead ribozyme targeted to site 
C (HH-C). Sites of 6-methyl U substitution are indicated. 

Figure 36 shows RNA cleavage reaction catalyzed by HH-C ribozyme 
containing 6-methyi U-substitutions at U4 and U7 positions {6-niethyl-U4). U4, 
25 represents a HH-C ribozyme containing no 6-methyl-U substitution. 

Figure 37 shows 6-methyl-U-substituted HH-A ribozyme-mediated 
inhibition of rat smooth muscle cell proliferation. 
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Figure 38 shows S-methyl-U-substituted HH-C rtbozyme-mediated 
inhibition of stromelysin protein production in human synovial fibroblast cells. 

Figure 39 is a diagrammatic representation of the synthesis of pyridin-2- 
one nucleoside and pyridin-4-one nucleoside phosphoramldlte. 

5 Figure 40 is a diagrammatic representation of the synthesis of 2-0-f- 

Butyldimethylsilyl-5-Odimethoxytrityl-3-0-(2-cyanoethyl-A/,/V-. 

dilsopropylphosphoramidite)-1-deoxy-1-phenyl-b-D-ribofuranose 
phosphoramldlte. 

Figure 41 Is a diagrammatic representation of the synthesis of 
10 pseudouridine. 2,4.6-trlmethoxy benzene nucleoside and 3-methyluridine 
phosphoramidlte. 

Figure 42 is a diagrammatic representation of the synthesis of 
dihydrouridlne phosphoramidlte. 

Figure 43 A) If diagrammatic representation of a hammerhead ribozyme 
5 targeted to site . , B) shows RNA cleavage reaction catalyzed by 
hammerhead ribozyme with modified base substitutions at either position 4 or 
position 7, 

Figure 44 shows further kinetic characterization of RNA cleavage 
reactions catalyzed by HH-B ribozyme (A); HH-B with pyridln-4-one 
0 substitution at position 7 (B); and HH-B with phenyl substitution at position 7 
(C). 

Figure 45 is a diagrammatic representation of the synthesis of 2-O-t- 
Butyldimethylsilyl-5-0-Dlmethoxytrityl-3-0-(2-Cyanoethyl-A/,AA 
diisopropylphosphoramidite)-1-Deoxy-l-Naphthyl-p-D-Ribofuranose. 

j Figure 46 is a diagrammatic representation of the synthesis of Synthesis 

of 2-0-f-Butyldimethylsilyl-5-0-Dimethoxytrityl-3-0-(2-Cyanoethyl-Ar,A/- 
dilsopropylphosphoramidite)-1.Deoxy-1-(p-Amlnophenyl)-p-D-Ribofuranose. 
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Figure 47 is a diagrammatic representation of a position numbered 
hammerhead ribozyme (according to Hertel et al. Nucleic Acids Res. 1992 
20, 3252) showing specific substitutions. 

Figure 48 shows the structures of various 2'-alkyl modified nucleotides 
5 which exemplify those of this invention. R groups are all<yl groups. Z is a 
protecting group. 

Figure 49 Is a diagrammatic representation of the synthesis of 2'-C-allyl 
uridine and cytidine. 

Figure 50 is a diagrammatic representation of the synthesis of 2'-C- 
10 methylene and 2'-C-difluoromethylene uridine. 

Figure 51 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene cytidine. 

Figure 52 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene adenosine. 

1 5 Figure 53 is a diagrammatic representation of the synthesis of 2'-C- 

carboxymethylidine uridine. 2'-C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyi as discussed above, or another 
substituent. 

Figure 54 is a diagrammatic representation of the synthesis of 2'-C-allyl 
20 uridine and cytidine phosphoramidltes. 

Figure 55 is a diagrammatic representation of the synthesis of Z'-O- 
alkylthioalkyi nucleosides or non-nucleosides and their phosphoramidltes. R 
is an alkyI as defined above. B is any naturally occuring or modified base 
bearing any N-protecting group suitable for standard oligonuclGotide 
25 synthesis (Usman et al., supra; Scaringe et al., supra), and/or H (non- 
nucleotlde). as described by the publications discussed above. CE is 
cyanoethyl, DMT Is a standard blocking group. Other abbreviations are 
standard in the art. 
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Figure 56 is a diagrammatic representation of a hammerhead ribozyme, 
targeted to site B (HH-B), containing 2*-0-methylthiomethyl substitutions. 

Figure 57 shows RNA cleavage activity catalyzed by 2'-0- 
methylthiomethyl substituted ribozymes. A plot of percent cleaved as a 
5 function of time is shown. The reactions were carried out at 37**C in the 
presence of 40 nM ribozyme, 1 nM substrate and 10 mM MgCl2. Control HH- 
B ribozyme contained the following modifications; 29 positions were modified 
with 2 -0-methyl, U4 and U7 positions were modified with 2'-amino groups, 5 
positions contained 2*-0H groups. These modifications of the control 
1 0 ribozyme have previously been shown not to significantly effect the activity of 
the ribozyme (Usman et al.. 1994 Nucleic Acids Symposium Series 31, 163). 

Figure 58 is a diagrammatic representation of the synthesis of an abasic 
deoxyribose or ribose non-nucleotide mimetic phosphoramidite. 

Figure 59 is a diagrammatic representation of a hammerhead ribozyme 
1 5 targeted to site B (HH-B). Arow indicates the cleavage site. 

Figure 60 is a diagrammatic representation of HH-B ribozyme containing 
abasic substitutions (HH-Ba) at various positions. Ribozymes were 
synthesized as described in the application. "X" shows the positions of abasic 
substitutions. The abasic substitutions were either made individually or in 
20 certain combinations. 

Figure 61 shows the in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. All RNA. refers to HHA ribozyme containing no abasic substitution. 
U4 Abasic, refers to HH-Ba ribozyme with a single abasic (ribose) substitution 
at position 4. U7 Abasic, refers to HH-Ba ribozyme with a single abasic 
25 (ribose) substitution at position 7. 

Figure 62 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. Abasic Stem II Loop, refers to HH-Ba ribozyme with four abasic 
(ribose) substitutions within the loop in stem II. 
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Figure 63 shows in vitro RNA cleavage activity of HH-B and HH-Ba 
ribozymes. 3'-lnverted Deoxyribose. refers to HH-Ba ribozyme with an 
inverted deoxyribose (abasic) substitution at its 3' termini. 

Figure 64 is a diagrammatic representation of a hammerhead ribozyme 
targeted to site A (HH-A). Target A is involved in the proliferation of 
mammalian smooth muscle cells. Arrow indicates the site of cleavage. 
Inactive version of HH-A contains 2 base-substitutions (G5U and A15.1U) that 
renders the ribozyme catalytically inactive. 

Figure 65 is a diagrammatic representation of HH-A ribozyme with abasic 
substitution (HH-Aa) at position 4. X. shows the position of abasic substrtution. 

Figure 66 shows ribozyme-mediated inhibition of rat aortic smooth 
muscle cell (RASMC) proliferation. Both HH-A and HH-Aa ribozymes can 
inhibit the proliferation of RASMC in culture. Catalytically inactive HH-A 
ribozyme shows inhibition which is significantly lower than active HH-A and 
1 5 HH-Aa ribozymes. 

Figure 67 is a schematic representation uf a two pot deprotection 
protocol with ethylamlne (EA). 

Figure 68 shows a strategy used in synthesizing a hammerhead 
ribozyme from two halves. X and Y represent reactive moieties that can 
undergo a chemical reaction to fomi a covalent bond (represented by the solid 
curved line). 

Figure 69 shows various non-limiting examples of reactive moieties that 
can be placed In the nascent loop region to forni a covalent bond to provide a 
full-length ribozyme. CH2 can be any linking chain as described above 
Including groups such as methylenes, ether, ethylene glycol, thioethers. 
double bonds, aromatic groups and others; each n independently is an integer 

from 0 to 10 inclusive and may be the same or different; each R independently 
is a proton or an alkyl. alkenyl and other functional groups or conjugates such 
as peptides, steroids, hoemones, lipids, nucleic acid sequences and others 
that provides nuclease resistance, improved ceil association, improved 
cellular uptake or interacellular localization. 
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Figure 70 shows non-limiting examples of covalent bonds that can be 
formed to provide the full length ribozyme. The morpholino group arises from 
reductive reaction of a dialdehyde. which arises from oxidative cleavage of a 
ribose at the 3'-end of one half ribozyme with an amine at the 5'-end of the half 
5 ribozyme. The amide bond is produced when an acid at the 3 -end of one half 
ribozyme is coupled to an amine at the 5'-end of the other half ribozyme. 

Figure 71 shows non-limiting examples of three ribo2:ymes that were 
synthesized from coupling reactions of two halves. All three were targeted to 
the site A of o-myb RNA (HH-A). HH-A1 was formed from the reaction of two 
10 thiols to provide the disulfide linked ribozyme. HH*A2 and HH-A3 were 
formed using the morpholino reaction. HH-A2 contains a five atom spacer 
linking the terminal amine to the 5'-end of the half ribozyme. HH-A3 contains 
a six carbon spacer linking the terminal amine to the 5'-end of the half 
ribozyme. 

15 Figure 72 shows comparative cleavage activity of half ribozymes. 

containing five and six base pair stem II regions, that are not covalently linked 
vs a full length ribozyme. Assays were ca rried out under ribozyme excess 
conditions. 

Figure 73 shows comparative cleavage activity of half ribozymes, 
20 containing seven and eight base pair stem II regions, that are not covalently 
linked vs a full length ribozyme. Assays were carried out under ribozyme 
excess conditions. 

Figure 74 shows comparative cleavage assay of HH-A1, HH-A2 and HH- 
A3 (see Figure 72) formed from crosslinking reactions vs a full length ribozyme 
25 control. Assays were carried out under ribozyme excess conditions. 

Figure 75, Schematic representation of RNA polymerse III promoter 
Structure. Arrow indicates the transcription start site and the direction of 

coding region. A. B and C, refer to consensus A, B and C box promoter 
sequences. L refers to intemnedlate cis-acting promoter sequence. PSE, 
30 refers to proximal sequence element. DSE, refers to distal sequence element. 
ATF, refers to activating transcription factor binding element. ?, refers to cis- 
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acting sequence element that has not been fully characterized EBER 
Epste,n-Barr.virus-encoded.RNA. TATA Is a box well known In the art.* 

Figure 76 is a genera/ formula for pol III RNA of this invention. 

5 S35 !!nrr Z l ' ^'"9^^""^""^ representation of a U6-S35 Chimera. The 
5 S35 moff and the s.te of Insertion of a desired RNA are indicated. This 
chimenc RNA transcript is under the control of a U6 small nuclear RNA 
(snRNA) promoter. - ""^^ 

Figure 78 is a diagrammatic representation of a U6-S35.ribozyme 
10 (HnTr" ' ^^"''"^^'^-^ "b-y-e targeted to sL I 

Figure 79 is a diagrammatic representation of a U6-S35-rlbozvme 
chimera. The chimera contains a hammerhead ribozyme targeted to site II 

Figure 80 shows RNA cleavage reaction catalyzed by a synthetic 
hammerhead ribozyme (HHI) and by an in vitro transcript of U6-S35-HHI 
hammerhead ribozyme. 

Figure 81 shows stability of U6-S35.HHII RNA transcript in 293 
mammalian cells as measured by acttnomycin D assay. 

Figure 82 Is a diagrammatic representation of an adenovirus VA1 RNA 
Vanous domains within the RNA secondary stmcture are indicated. 

Figure 83 A shows a secondary structure model of a VA1-S35 chimeric 
RNA conta.n,ng the promoter elements A and B bbx. The site of insertion of a . 

conT ? T 'P«- also 

contains a stable stem (S35-like motif) in the central domain of the VA1 RNA 

wh.ch positions the desired RNA away from the main transcript as an 
independent domain. 83B shows a VAl-chimera which consists of the 
temiinal 75 nt of a VA1 RNA followed by the HHI ribozyme. 

Figure 84 shows a comparison of stability of VAI-chimeric RNA vs VA1- 
S3S-ch.meric RNA as measured by actlnomycin D assay. VAI-chlmera 
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consists of terminal 75 nt of VA1 RNA followed by HHI ribozyme. VA1-S35- 
chimera structure and sequence is shown in Figure 83. 

RiboTvmflfi 

RIbozymes In one aspect of this invention block to some extent 
stromelysin expression and can be used lo treat disease or diagnose such 
disease. Ribozymes are delivered to cells in culture and to cells or tissues in 
animal models of osteoarthritis (Hembry et al.. 1993 Am. J. Pathni 143, 628). 
Ribozyme cleavage of stromelysin encoding mRNAs in these systems may 
prevent inflammatory cell function and alleviate disease symptoms. 

Other ribozymes of this inveintion block to some extent B7-1, B7-2, B7-3 
and/or CD40 production and can be used to treat disease or diagnose such 
disease. Ribozymes will be delivered to cells in culture, to cells or tissues in 
animal models of transplantation, autoimmune diseases and/or allergies and 
to human cells or tissues ex vivo or in vivo. Ribozyme cleavage of 87-1, 87-2 
and/or C040 encoded mRNAs in these systems may alleviate disease 
symptoms. 

Target site*; 

Targets for useful ribozymes can be detemiined as disclosed in Draper et 
al suEra, Sullivan et al., SUBIA, as well as by Draper et al.. WO 95/13380 and 
Stinchcomb et al WO 95/23225. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 
methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested in 
vitro and in vivo, as also described. Such ribozymes can also be optimized 
and delivered as described therein. While specific examples to mouse, rabbit 
and other animal RNA are provided, those in the art will recognize that the 
equivalent human RNA targets described can be used as described below. 

Thus, the same target may be used, but binding arms suitable for targeting 
human RNA sequences are present in the ribozyme. Such targets may also 
30 be selected as described below. 
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The sequence of human and rabbit stromelysin mRNA were screened for 
accessible sites using a computer folding algorithm. Potential hammerhead or 
hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables All. AIM, AIV. AVI, AVIII and AIX (All sequences are 5' to 3' in the 
tables.). While rabbit and human sequences can be screened and ribozymes 
thereafter designed, the human targeted sequences are of most utility 
However, rabbit targeted ribozymes are useful to test efficacy of action of the 
ribozyme prior to testing in humans. The nucleotide base position is noted in 
the Tables as that site to be cleaved by the designated type of ribozyme. 

Similarly, the sequence of human and mouse B7-1. B7-2. B7-3 and/or 
CD40 mRNAs were screened for optimal ribozyme target sites using a 
computer folding algorithm. Hammerhead or hairpin ribozyme cleavage sites 
were identified. These sites are shown In Tables 811. 81 V BVI BVIII BX BXII 
BXIV. BXV. BXVI. BXVII. 8XVIII and BXIX (All sequences are 5' to 3' 'in the 
tables) The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. While mouse and human 
sequences can be screened and ribozymes thereafter designed, the human 
targeted sequences are of most utility. However, mouse targeted ribozymes 
may be useful to tost efficacy of action of the ribozyme prior to testing in 
humans. The nucleotide base position is noted in the Tables as that site to be 
cleaved by the designated type of ribozyme. 

Hammertiead or hairpin ribozymes are designed that could bind and are 
individually analyzed by computer folding (Jaeger et al.. 1989 Proc. Natl 
AcaiJ, Sffi , U.'^A . 86, 7706-7710) to assess whether the ribozyme sequences 
fold into the appropriate secondary structure. Those ribozymes with 
unfavorable Intramolecular interactions between the binding arms and the 
catalytic core are eliminated from consideration. Varying binding ami lengths 
can be chosen to optimize activity. Generally, at least 5 bases on each arm 
are able to bind to. or otherwise interact with, the target RNA. 

Referring to Figure 6. mRNA is screened for accessible cleavage sites by 
the method described generally In Draper WO 93/23569. Briefly. DNA 
oligonucleotides representing potential hammerhead or hairpin ribozyme 
cleavage sites are synthesized. A polymerase chain reaction is used to 
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generate a substrate for T7 RNA polymerase transcription from human or 
rabbit stromelysin cDNA clones. Labeled RNA transcripts are synthesized in 
vitro from the two templates. The oligonucleotides and the labeled transcripts 
are annealed, RNaseH is added and the mixtures are incubated for the 
5 designated times at ST-C. Reactions are stopped and RNA separated on 
sequencing polyacrylamide gels. The percentage of the substrate cleaved is 
determined by autoradiographic quantitation using a Phosphorlmaging 
system. From these data, hammerhead ribozyme sites are chosen as the most 
accessible. 

1 0 Ribozymes of the hammertiead or hairpin motif are designed to anneal to 

various sites In the mRNA message. The binding arms are complementary to 
the target site sequences described above. The ribozymes are chemically 
synthesized. The method of synthesis used follows the procedure for normal 
RNA synthesis as described in Usman et al.. 1987 J. Am. Chem. Unr. 109. 
15 7845-7854 and in Scaringe et al.. 1990 Nucleic Ariri<; Raq , i8, 5433-5441;' 
Wincott et al.. 1995 Nggleic Adds Res 23. 2677, and makes use of common . 
nucleic acid protecting and coupling groups, such as dimethoxytrityl at the 5'- 
end, and phosphoramidites at the 3'-end. The average stepwi-e coupling 
yields were >98%. Inactive ribozymes were synthesized by substituting a U 
20 for G5 and a U for A14 (numbering from Hertel et al.. 1 992 Nucleic Acids Rrr 
20, 3252) . Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the ;'ctive ribozyme (Chowrira and Burite. 1992 Nucleic Acids 
BSS^. 20, 2835-2840). All ribozymes are modified extensively to enhance 
stability by modification with nuclease resistant groups, for example. 2'-amino. 
25 2'-C-allyl. 2'.flouro. 2'-0.methyl, 2"-H (for a review see Usman and Cedergren. 
1992 IlfiS 17. 34 and Beigelman et al., 1995 J. Biol. Cham 270. 25702). 
Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et 
al. smisd and are resuspended in water. 

30 The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables AV, AVIl, AVIII and AIX and in Tables Bill. BV. BVI 
BVII, BIX. BXI, BXIII. BXIV. BXV. BXVI, BXVII. BXVIII and BXIX. Those in the art 
will recognize that these sequences are representative only of many more 
such sequences where the enzymatic portion of the ribozyme (all but the 
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binding arms) is altered to affect activity. For example, stem loop II sequence 
of hammerhead ribozymes listed in Tables AV and AVIl (5'- 
GGCCGAAAGGCC.3') can be altered (substitution, deletion and/or insertion) 
to contain any sequence provided, a minimum of two base-paired stem 
5 structure can form. Similarly, stem-loop AlV sequence of hairpin ribozymes 
listed in Tables AVI and AVIl (S'-CACGUUGUG-S') can be altered 
(substitution, deletion and/or insertion) to contain any sequence provided, a 
minimum of two base-paired stem stmcture can form. The sequences listed in 
Tables AV, AVIl. AVIII and AIX may be formed of ribonucleotides or other 
10 nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically In the Tables. 

Ootimizinq Rj^ orvme Artivi^ 

Ribozyme activity can be optimized as described by Stinchcomb et al., 
Siiom. The details will not be repeated here, but include altering the length of 
the ribozyme binding arms (stems I and III. see Figure 2c), or chemically 
synthesizing ribozymes with modifications that prevent their degradation by 
serum ribonucleases (see e.g.. Eckstein et al.. International Publication No. 
WO 92/07065; Perrault et al.. iggo Nature 344, 565; Pieken et al.. 1991 
Sfiifinea 253. SH; Usman and Cedergren, 1992 Trends in Rinrhflm L\ 17, 
20 334; Usman et al.. International Publication No. WO 93/15187; and Rossi et 
al.. Intemational Publication No. WO 91/03162. as well as Stinchcomb et al.. 
Simra., Sproat. European Patent Application 92110298.4 and U.S. Patent 
5,334,71 1; Jennings et al.. WO 94/13688 and Beigelman et al.. succa which 
describe various chemical modifications that can be made to the sugar 
25 moieties of enzymatic RNA molecules). Modifications which enhance their 
efficacy in cells, and removal of stem II bases to shorten RNA synthesis times 
and reduce chemical requirements. 

Sullivan, et al.. sucia, describes the general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered to cells by a 
30 variety of methods known to those familiar to the art. including, but not 
restricted to. ©ncapsulation in liposomes, by iontophoresis, or by 
incorporation into other vehicles, such as hydrogels, cyclodextrins. 
biodegradable nanocapsules, and bioadhesive microspheres. For some 
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indications, ribozymas may be directly delivered ex vivo to cells or tissues with 
or without the aforementioned vehicles. Alternatively, the RNA/vehicle 
combination is locally delivered by direct inhalation, by direct injection or by 
use of a catheter, infusion pump or stent. Other routes of delivery include, but 
5 are not limited to, intravascular, intramuscular, subcutaneous or joint injection, 
aerosol inhalation, oral (tablet or pill form), topical, systemic, ocular, 
intraperitoneal and/or intrathecal delivery. More detailed descriptions of 
ribozyme delivery and administration are provided in Sullivan et al.. supra 
and Draper et aL, supra which have been incorporated by reference herein. 

1 0 In another preferred embodiment, the ribozyme is administered to the site 

of B7-1, B7-2, B7-3 and/or CD40 expression (APC) in an appropriate 
liposomal vesicle. APCs isolated from donor (for example) are treated with the 
ribozyme preparation (or other nucleic acid therapeutics) ex vivo and the 
treated cells are infused into recipient. Alternatively, cells, tissues or organs 

15 are directly treated with nucleic acids of the present invention prior to 
transplantation into a recipient. 

Another means of accumulating high concentrations of a ribo2yme(s; 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven from a 

20 promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II (pel 11), or 
RNA polymerase III (pol III). Transcripts from pol II or pol III promoters will be 
expressed at high levels in ail cells; the levels of a given pol II promoter in a 
given cell type will depend on the nature of the gene regulatory sequences 
(enhancers, silencers, etc.) present nearby. Prokaryotic RNA polymerase 

25 promoters are also used, providing that the prokaryotic RNA polymerase 
enzyriie is expressed in the appropriate cells (EIroy-Stein and Moss, 1990 
Proc. Natl. Acad. Sci. USA. 87, 6743-7; Gao and Huang 1 993 Nucleic Acids 
BfiS.. 21. 2867-72; Lieber et al., 1993 Methods Enzymol 217, 47-66; Zhou et 
al.. 1990 MoL Cell. Biol.. 10, 4529-37). Several investigators have 

30 demonstrated that ribozymas expressed from such promoters can function in 
mammalian cells (e.g. Kashani-Sabet et al.. 1992 Antisense Res. Dev. . 2, 3- 
15; Ojwang etal., 1992 Proc. Natl. Acad. Set. U S ^ 10802-6; Chen et 
al-. 1992 NgplQjc Acid? Rgg., 20. 4581-9; Yu et al.. 1993 Proc. Natl. Acad. Sci. 
LLS^, 90, 6340-4; L'Huillier et al.. 1992 EMBO J. 11 , 441 1-8; Lisziewicz et 
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al.. 1993 Prog, Natl, Arf^cl Sm, ^ go. 8000-4; Thompson etal.,sm^) 
The above ribozyme transcription units can be incorporated into a variety of 
vectors for introduction into mammalian cells, including but not restricted to 
plasmid DNA vectors, viral DNA vectors (such as adenovirus or adeno- 
associated vectors), or viral RNA vectors (such as retroviral or alphavirus 
vectors). 

In a preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves stromelysin RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA virus or adeno-associated virus (AAV) 
vector. Both viral vectors have been used to transfer genes to the lung and 
both vectors lead to transient gene expression (Zabner et al.. 1993 QeU 75 
207; Carter, 1992 CUfr, Qpi. Pioterh 3. 533). The adenovirus vector is 
delivered as recombinant adenoviral particles. The DNA may be delivered 
alone or complexed with vehicles (as described for RNA above) The 
recombinant adenovirus or AAV particles are locally administered to the site of 
treatment, through incubation or inhalation in vivo or by direct application 
to cells or tissues ex vivo. 

Specifically useful modifications, optimization and synthetic methods will 
now be described. 

20 Base Modifi^^tj^nTt 

The following discussion of relevant art is dependent on the diagram 
shown in Figure 1. in which the numbering of various nucleotides in a 
hammerhead ribozyme is provided. 

Odai et ai, FEBS 1990. 2571150. state that substitution of guanosine (G) 
at position 5 of a hammerhead ribozyme for inosine greatly reduces catalytic 
activity, suggesting "the importance of the 2-amino group of this guanosine for 
catalytic activity." 

Fu and McLaughlin. Proc. Natl. Acad. Sci. (USA) 1992. aS:3985, state 
that deletion of the 2-amino group of the guanosine at position 5 of a 
hammerhead ribozyme. or deletion of either of the 2'-hydroxyl groups at 
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position 5 or 8, resulted in ribozymes having a decrease in cleavage 
efficiency, 

Fu and McLaughlin, Biochemistry 1992, 37:10941, state that substitution 
of 7-dea2aadenosine for adenosine residues In a hammerhead riboryme can 
5 cause reduction in cleavage efficiency. They state that the "results suggest 
that the N^-nitrogen of the adenosine (A) at position 6 in the hammerhead 
ribozyme/substrate complex is critical for efficient cleavage activity." They go 
on to indicate that there are five critical functional groups located within the 
tetrameric sequence GAUG in the hammerhead ribozyme. 

10 Slim and Gait, 1992, BBRC 183. 605, state that the substitution of 

guanosine at position 12, in the core of a hammerhead ribozyme. with inosine 
inactivates the ribozyme. 

TuschI et a/., 1993 Biochemistry 32, 11658, state that substitution of 
guanosine residues at positions 5, 8 and 12, in the catalytic core of a 
15 hammerhead, with inosine, 2-aminopurine. xanthosine, isoguanosine or 
deoxyguanosine cause significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Fu ef a/., 1993 Biochemistry 32, 10629, state that deletion of guanine N^, 
guanine n2 or the adenine N6.nitrogen within the core of a hammerhead 
20 ribozyme causes significant reduction in the catalytic efficiency of a 
hammerhead ribozyme. 

Grasby et al., 1993 Nucleic Acids Res. 21 . 4444. state that substitution of 
guanosine at positions 5, 8 and 12 positions within the core of a hammerhead 
ribozyme with O6.methylguanosine results in an approximately 75-fold 
25 reduction in kcat- 

Seela et al,, 1993 Helvetica Chimica Acta 76, 1809. state that substitution 
of adenine at positions 13, 14 and 15, within the core of a hammerhead 
ribozyme, with 7-deazaadenosine does not significantly decrease the catalytic 
efficiency of a hammertiead ribozyme. 
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Adams etai. 1994 Tetrahedron Letters 35, 765, state that substitution of 
uracil at position 17 within the hammerhead ribozyme-subslrate complex with 
4-thiouridine results in a reduction in the catalytic efficiency of the ribozyme by 
50 percent. 

Ng etal.. 1994 Biochemistry 33. 12119, state that substitution of adenine 
at positions 6, 9 and 13 within the catalytic core of a hammerhead ribozyme 
with isoguanoslne, signiflcaritly decreases the catalytic . activity of the 
ribozyme. 

Jennings etal., U.S. Patent 5,298,612, indicate that nucleotides within a 
"minizyme" can be modified. They state- 

"Nucleotides comprise a base, sugar and a 
monophosphate group. Accordingly, nucleotide 
derivatives or modifications may be made at the 
level of the base, sugar or monophosphate 

groupings Bases may be substituted with various 

groups, such as halogen, hydroxy, amine, alkyl. 
azido, nitro, phenyl and the like." 

W093/23569. WO95/06731. WO95/04818. and W095/133178 describe 
various modifications that can be introduced into ribozyme structures. 

This invention relates to production of enzymatic RNA molecules or 
ribozymes having enhanced or reduced binding affinity and enhanced 
enzymatic activity for their target nucleic acid substrate by inclusion of one or 
more modified nucleotides in the substrate binding portion of a ribozyme such 
as a hammerhead, hairpin. VS ribozyme or hepatitis delta virus derived 
ribozyme. Applicant has recognized that only small changes in the extent of 
base-pairing or hydrogen bonding between the ribozyme and substrate can 
have significant effect on the enzymatic activity of the ribozyme on that 
substrate. Thus, applicant has recognized that a subtle alteration in the extent 

Of hydrogen bonding along a substrate binding ami of a ribozyme can be used 
to improve the ribozyme activity compared to an unaltered ribozyme 
containing no such altered nucleotide. Thus, for example, a guanosine base 
may be replaced with an inosine to produce a weaker interaction between a 
ribozyme and its substrate, or a uracil may be replaced with a bromouracil 
(BrU) to increase the hydrogen bonding interaction with an adenosine. Other 
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examples of alterations of the four standard ribonucleotide bases are shown in 
Figures 22a-d with weaker or stronger hydrogen bonding abilities shown in 
each figure. 

In addition, applicant has determined that base modification within some 
5 catalytic core nucleotides maintains or enhances enzymatic activity compared 
to an unmodified molecule. Such nucleotides are noted in Figure 23. 
Specifically, referring to Figure 23, the preferred sequence ot a hammerhead 
ribozyme in a 5' to 3' direction of the catalytic core is CUG ANG A G*C GAA A, 
wherein N can be any base or may lack a base (abasia); G*C is a base-pair. 
1 0 The nature of the base-paired stem II (Figures 1 , 2 and 23) and the recognition 
amis of stems I and III are variable. In this invention, the use of base-modified 
nucleotides in those regions that maintain or enhance the catalytic activity 
and/or the nuclease resistance of the hammerhead ribozyme are described. 
(Bases which can be modified include those shown in capital letters). 

15 Examples of base-substitutions useful in this invention are shown in 

Figure 22. 24-30, 39-43, 45-46. In preferred embodiments cytidine residues 
are substituted with 5-alkylcytidines {e.g., 5-methylcytidine, Figure 24, R=CH3, 
9), and uridine residues with 5-alkyluridines (e.y., ribothymidine (Figure 24. 
R=CH3, 4) or 5-halouridine {e.g., 5-bromouridine, Figure 24, X=Br, 13) or 

20 6-azapyrimidines (Figure 24. 17) or 6-alkyluridine (Figure 30). Quanosine or 
adenosine residues may be replaced by diaminopurine residues (Figure 24, 
22) in either the core or stems. In those bases where none of the functional 
groups are important in the complexing of magnesium or other functions of a 
ribozyme, they are optionally replaced with a purine ribonucleoside (Figure 

25 24. 23), which significantly reduces the complexity of chemical synthesis of 
ribozymes. as no base-protecting group is required during chemical 
incorporation of the purine nucleus. Furthermore, as discussed above, 
base-modified nucleotides may be used to enhance the specificity or strength 

of binding of the recognition arms with similar modifications. Base-modified 
30 nucleotides, in general, may also be used to enhance the nuclease resistance 
of the catalytic nucleic acids in which they are incorporated. These 
modifications within the hammerhead ribozyme motif are meant to be non- 
limiting example. Those skilled in the art will recognize that other ribozyme 
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motifs with similar modifications can be readily synthesized and are within the 
scope of this invention. 

Substitutions of sugar moieties as described in the art cited above, may 
also be made to enhance catalytic activity and/or nuclease stability. 

The invention provides ribozymes having increased enzymatic activity in 
yilm and in vjvQ as can be measured by standard kinetic assays. Thus, the 
kinetic features of the ribozyme are enhanced by selection of appropriate 
modified bases in the substrate binding arms. Applicant recognizes that while 
strong binding to a substrate by a ribozyme enhances specificity, It may also 
prevent separation of the ribozyme from the cleaved substrate. Thus, 
applicant provides means by which optimization of the base pairing can be 
achieved. Specifically, the invention features ribozymes with modified bases 
with enzymatic activity at least 1.5 fold (preferably 2 or 3 fold) or greater than 
the unmodified corresponding ribozyme. The invention also features a 
method for optimizing the kinetic activity of a ribozyme by introduction of 
modified bases into a ribozyme and screening for those with higher enzymatic 
activity. Such selection may be in vitro or in vivo . By enhanced activity is 
meant to include activity measured in vivo where the activity is a reflection of 
both catalytic activity and ribozyme stability. In this invention, the product of 
these properties in increased or not significantly (less that 10 fold) decreased 
ilLvivo compared to an all RNA ribozyme. 

By "enzymatic portion" is meant that part of the ribozyme essential for 
cleavage of an RNA substrate. 

By "substrate binding arm" is meant that portion of a ribozyme which is 
complementary to {Le., able to base-pair with) a portion of its substrate. 
Generally, such complementarity is 100%. but can be less if desired. For 
example, as few as 10 bases out of 14 may be base-paired. Such arms are 
shown generally in Figures 1-3 as discussed below. That is, these amis 
contain sequences within a ribozyme which are intended to bring ribozyme 
and target RNA together through complementary base-pairing interactions; 
e.g., ribozyme sequences within stems I and III of a standard hammerhead 
ribozyme make up the substrate-binding domain (see Figure 1). 
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By "unmodified nucleotide base" is meant one of the bases adenine, 
cytosine. guanosine. uracil joined to the 1' carbon of B-D-ribo-furanose. The 
sugar also has a phosphate bound to the 5' carbon. These nucleotides are 
bound by a phosphodiester between the 3* carbon of one nucleotide and the 
5* carbon of the next nucleotide to form RNA. 

By "modified nucleotide base" is meant any nucleotide base which 
contains a modification in the chemical stnjcture of an unmodified nucleotide 
base which has an effect on the ability of that base to hydrogen bond with its 
normal complementary base, either by increasing the strength of the hydrogen 
bonding or by decreasing it {e.g., as exemplified above for inosine and 
bromouracil). Other examples of modified bases Include those shown in 
Figures 22a-d and other modifications well known in the art, including 
heterocyclic derivatives and the like. 

In preferred embodiments the modified ribozyme is a hammerhead, 
hairpin VS ribozyme or hepatitis delta virus derived ribozyme, and the 
hammerhead ribozyme includes between 32 and 40 nucleotide bases. The 
selection of modified bases is most preferably chosen to enhance the 
enzymatic activity (as observed in standard kinetic assays designed to 
measure the kinetics of cleavage) of the selected ribozyme, /.e., to enhance 
the rate or extent of cleavage of a substrate by the ribozyme, compared to a 
ribozyme having an identical nucleotide base sequence without any modified 
base. 

By "kinetic assays" or "kinetics of cleavage" is meant an experiment in 
which the rate of cleavage of target RNA is determined. Often a series of 
assays are performed in which the concentrations of either ribozyme or 
substrate are varied from one assay to the next in order to detennine the 
influence of that parameter on the rate of cleavage. 

By "rate of cleavage" is meant a measure of the amount of target RNA 
cleaved as a function of time. 

Enzymatic nucleic acid having a hammerhead configuration and 
modified bases which maintain or enhance enzymatic activity are provided. 
Such nucleic acid is also generally more resistant to nucleases than 
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unmodified nucleic acid. By "modified bases" in this aspect is meant those 
shown in Figure 22 A-D. and 24, 30. and 42B or their equivalents; such bases 
may be used within the catalytic core of the enzyme as well as in the 
substrate-binding regions. In particular, the invention features modified 
ribozymes having a base substitution selected from pyridin-4-one. pyridin-2- 
one. phenyl, pseudouracll, 2, 4, S-trimethoxy benzene, 3-methyluracil. 
dihydrouracil, naphlhyl, 6-methyl-uracil and aminophenyl. As noted above, 
substitution in the core may decrease in vitro activity but enhances stability.' 
Thus. injdvQ the activity may not be significantly lowered. As exemplified 
herein such ribozymes are useful in vivo even if active over all is reduced 10 
fold. Such ribozymes herein are said to "maintain" the enzymatic activity on all 
RNA ribozyme. 

Small scale synthesis were conducted on a 394 Applied Biosystems. Inc. 
synthesizer using a modified 2.5 nmol scale protocol with a 5 min coupling step for 
alkylsilyl protected nucleotides and 2,5 min coupling step for 2'-0-methylated 
nucleotides. Table CI I outlines the amounts, and the contact times, of the reagents 
used in the synthesis cycle. A 6.5-fold excess (163 fiL of 0.1 M = 16.3 ^mol) of 
phosphoramidite and a 24-fold excess of S-ethyl tetrazole (238 of 0.25 M = 
59.5 fimol) relative to polymer-bound 5'-hydroxyl was used in each coupling cycle. 
Average coupling yields on the 394 Applied Biosystems. Inc. synthesizer, 
detemiined by colorimetric quantitation of the trityl fractions, were 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394 Applied Biosystems. Inc. 
synthesizer: detritylation solution was 2% TCA in methylene chloride (ABI); 
capping was performed with 16% /V-methyl imidazole in THF (ABI) and 10% acetic 
anhydride/10% 2.6-lutidine in THF (ABI); oxidation solution was 16.9 mM I2. 49 
mM pyridine. 9% water in THF (Millipore). B & J Synthesis Grade acetonitrile was 
used directly from the reagent bottle. S-Ethyl tetrazole solution (0.25 M in 
acetonitrile) was made up from the solid obtained from American International 
Chemical, Inc. 

Deprotection of the RNA was performed as follows. The polymer-bound 
oligoribonucleotide. trityl-off. was transferred from the synthesis column to a 4mL 
glass screw top vial and suspended in a solution of methylamine (MA) at 65 "C for 
10 min. After cooling to -20 "C. the supernatant was removed from the polymer 
support. The support was washed three times with 1.0 mL of 
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EtOH:MeCN:H20/3:1:l. vortexed and the supernatant was then added to the first 
supernatant. The combined supernatants, containing the oligoribonucieotide, 
were dried to a white powder. 

The base-deprotected oligoribonucleotide was resuspended in anhydrous 
5 TEA*HF/NMP solution (250 |xL of a solution of 1.5mL A/-methylpyrrolidinone, 750 
TEA and 1.0 mL TEA»3HF to provide a 1,4M HF concentration) and heated to 
65*C for 1.5 h. The resulting, fully deprotected, oligomer was quenched with 50 
mM TEAB (9 mL) prior to anion exchange desalting. 

For anion exchange desalting of the deprotected oligomer, the TEAB solution 
10 was loaded onto a Qiagen 500® anion exchange cartridge (Qiagen Inc.) that was 
prewashed with 50 mlVl TEAB (10 mL). After washing the loaded cartridge with 50 
mM TEAB (10 mL), the RNA was eluted with 2 1^ TEAB (10 mL) and dried down to 
a white powder. 

Inactive hammerhead ribozymes were synthesized by substituting a U for G5 
1 5 £?.nd a U for A14 (numbering from (Hertel, K. J., et aA, 1992. Nucleic Acids Res, . 20, 
:^202)). 

The average stepwise coupling yields were >98% (Wincott et al., 1995 
Nucleic Acids Res. 23, 2677-2684). 

Hairpin ribozymes are synthesized either as one part or in two parts and 
20 annealed to reconstruct the active ribozyme (Chowrira and Burice, 1992 Nucleic 
Acids Res., 20. 2835-2840). 

Ribozymes are purified by gel electrophoresis using general methods or are 
purified by high pressure liquid chromatography (HPLC; See Stinchcomb et aL 
International PCT Publication No. WO 95/23225. and are resuspended in water. 

25 Various modifications to ribozyme stnjcture can be made to enhance the 

utility of ribozymes. Such modifications will enhance shelf-lrfe. half-life In vitro , 
stability, and ease of introduction of such ribozymes to the target site, e.g. , to 
enhance penetration of cellular membranes, and confer the ability to recognize 
and bind to targeted cells. 
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Examples of such ribozymes are provided in Usman et al.. WO 95/13378 
and below. 

2'deoxv.g'.niJclftntiHQff 

Ecl^stein et ai. International Publication No. WO 92/07065- Perrault et 
al.. 1990 Naluifi 344. 565; Pieken et al.. 1991 Scifincfi 253. 314; Usman and 
Cedergren. 1992 Trends in Bipchpm Sri 17. 334; Usman et al.. International 
Publication No. WO 93/15187; and Rossi et al.. International- Publication No 
WO 91/03162. as well as Stinchcomb et al.. suQra, Sproat. European Patent 
Application 92110298.4 and U.S. Patent 5.334.711; Jennings et al WO 
94/13688 and Beigelman ef a/., sucra which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. Usman et al. also describe various required ribonucleotides in a 
ribozyme. and methods by which such nucleotides can be defined De 
Mesmaeker et al. Syn. Lett. 1993. 677-680 (not admitted to be prior art to the 
present invention) describes the synthesis of certain 2'-C.alkyl uridine and 
thymidine derivatives. They conclude that -...their use in an antisense 
approach seems to be very limited." 

This invention relates to the use of 2'.deoxy-2"-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of RNA 
or single-stranded DNA. and also as antisense oligonucleotides. As the temi 
is used in this application. 2'.deoxy-2'-alkylnucleotide-containing enzymatic 
nucleic acids are catalytic nucleic acid molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to. double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
25 single-stranded recognition sequences. These molecules are able to cleave 
(preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalytic nucleic acids can 
also act to cleave intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

30 Also within the invention are 2"-deoxy.2'-alkylnucleotides which may be 
present in enzymatic nucleic acid or even in antisense oligonucleotides 
Contrary to the findings of De Mesmaeker et al. applicant has found that such 
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nucleotides are useful since they enhance the stability of the antisense or 
enzymatic molecule, and can be used in locations which do not affect the 
desired activity of the molecule. That is, while the presence of the 2'-alkyl 
group may reduce binding affinity of the oligonucleotide containing this 
modification, if that moiety is not in an essential base pair forming region then 
the enhanced stability that it provides to the molecule is advantageous. In 
addition, while the reduced binding may reduce enzymatic activity, the 
enhanced stability may make the loss of activity of less consequence. Thus, 
for example, if a 2'-dGOxy-2*-alkyl-containing molecule has 10% the activity of 
the unmodified molecule, but has 10-fold higher stability in vivo then it has 
utility in the present invention. The same analysis is true for antisense 
oligonucleotides containing such modifications. The invention also relates to 
novel intermediates useful in the synthesis of such nucleotides and 
oligonucleotides (examples of which are shown in the Figures 48-54). and to 
methods for their synthesis. 

Thus, the invention features 2'-deoxy-2'-alkylnucleotides, that is a 
nucleo i ip base having at the 2*-position on the sugar molecule an alkyi 
moiet^ jnd in preferred embodiments features those where the nucleotide is 
not uridine or thymidine. That is, the invention preferably includes all those 
nucleotides useful for making enzymatic nucleic acids or antisense molecules 
that are not described by the art discussed above. 

Examples of various alkyI groups useful in this invention are shown in 
Figure 48, where each R group is any alkyl. These examples are not limiting 
in the invention. Specifically, an "alkyl" group refers to a saturated aliphatic 
hydrocarbon, including straight-chain, branched-chain. and cyclic alkyl 
groups. Preferably, the alkyl group has 1 to 12 carbons. More preferably it is 
a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkyl 
group may be substituted or unsubstituted. When substituted the substituted 
group(s) is preferably, hydroxyl, cyano. alkoxy, =0, =S, NO2 or N(CH3)2. 
amino, or SH. The term also includes alkenyl groups which are unsaturated 
hydrocarbon groups containing at least one carbon-carbon double bond, 
including straight-chain, branched-chain, and cyclic groups. Preferably, the 
alkenyl group has 1 to 12 carbons. More preferably it is a lower alkenyl of 
from 1 to 7 carbons, more preferably 1 to 4 carbons. The alkenyl group may 
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be substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano, alkoxy, =0. =S, NO2. halogen, N(CH3)2, amino, or 
SH. The term "alkyi'* also includes alkynyl groups which have an unsaturated 
hydrocarbon group containing at least one carbon-carbon triple bond, 
including straight-chain, branched-chatn. and cyclic groups. Preferably, the 
alkynyl group has 1 to 12 carbons. More preferably it is a lower alkynyl of from 
1 to 7 carbons, more preferably 1 to 4 carbons. The alkynyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxyl, cyano. alkoxy. =0. =S. NOg or N(CH3)2, amino or SH, 
The term "alkyl" does not include alkoxy groups which have an "-O-alkyl" 
group, where "alkyi" is defined as described above, where the O is adjacent 
the 2*-position of the sugar molecule. 

Such alkyI groups may also include aryl. alkylaryl, carbocyclic aryl. 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated pi electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, all of 
which may be optionally substituted. The preferred substituent(s) of aryl 
groups arc ^..alogen, trihalomethyt. hydroxyl, SH, OH. cyano, alkoxy, alkyl. 
alkenyl, alkynyl. and amino groups. An "alkylaryl" group refers to an alkyI 
group (as described above) covalently joined to an aryl group (as described 
above. Carbocyclic aryl groups are groups wherein the ring atoms on the 
aromatic ring are all carbon atoms. The carbon atoms are optionally 
substituted. Heterocyclic aryl groups are groups having from 1 to 3 
heteroatoms as ring atoms in the aromatic ring and the remainder of the ring 
atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, and 
nitrogen, and include furanyl. thienyl. pyridyl, pyrrolyl, N-lower alkyI pyrrolo, 
pyrimidyl, pyrazinyl. imidazolyl and the like, all optionally substituted. An 
"amide" refers to an -C(0)-NH-R. where R is either alkyl. aryl, alkylaryl or 
hydrogen. An "ester" refers to an -C(0)-OR*. where R is either alkyI, aryl. 
alkylaryl or hydrogen. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotkles having one or more 2*-deoxy-2'-alkylnucleotides 
(preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic acids 
having a 2'-deoxy-2*-alkylnucleotide; and a method for producing an 
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enzymatic nucleic acid molecule having enhanced activity to cleavb an RNA 
or single-stranded DNA molecule, by forming the enzymatic molecule with at 
least one nucleotide having at its 2'-position an alkyi group. In other related 
aspects, the invention features 2'-deoxy-2*-alkylnucleotide triphosphates. 
5 These triphosphates can be used in standard protocols to form useful 
oligonucleotides of this Invention. 

The 2'-alkyl derivatives of this invention provide enhanced stability to the 
oligonulceotides containing them. While they may also reduce absolute 
activity in an in vitro assay they will provide enhanced overall activity in vivo. 
0 Below are provided assays to detennine which such molecules are useful. 
Those in the art will recognize that equivalent assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
enzymatic activity having ribonucleotides at locations shown in Figure 47 at 5, 
6. 8, 12. and 15.1. and having substituted ribonucleotides at other positions in 
5 the core and in the substrate binding amis if desired. (The term "core" refers to 
positions between bases 3 and 14 in Figure 47. and the binding arms 
correspond to th ^es from the 3'-end to base 15.1 . and from the 5'-end to 
base 2). Applicanl lias found that use of ribonucleotides at these five locations 
in the core provide a molecule having sufficient enzymatic activity even when 
modified nucleotides are present at other sites in the motif. Other such 
combinations of useful ribonucleotides can be determined as described by 
Usman et at. supra. 

2'-Q-alkvlthioalkvl and g'-C-alkylthina lkvl containinn nucleic aniris 

Medina et a!., 1988 Tetrahedron Letters 29, 3773. describe a method to 
convert alcohols to methylthiomethyl ethers. 

Maneucci et al., 1990 Tetrahedron Letters. 31, 2385. report the synthesis 
of 3'-5'-methylene bond via a methylthiomethyl precursor. 

Veeneman et a!.. 1990 Red Trav. Chim. Pays-Bas 109. 449. report the 
synthesis of 3*-0-methylthiomethyl deoxynucleoside during the synthesis of a 
dimer containing 3'-5'-methylene bond. 
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Jones et al.. 1993 J. Org. Chem. 58. 2983. report the use of 3'-0- 
methylthiomethyl deoxynucleoside to synthesize a dimer containing a 3'- 
thiofonnacetal intemucleoside linkages. The paper also describes a method 
to synthesize phosphoramidites for DNA synthesis. 

5 Zavgorodny et al.. 1991 Tetrahedron Letters 32, 7593. describe a 

method to synthesize a nucleoside containing methylthiomethyl modification. 

This Invention relates to the incorporation of 2'.O.all<ylltHioalkyl and/or 2'- 
C-alkylthioalkyl nucleotides or non-nucleotides into nucleic acids, which are 
particularly useful for enzymatic cleavage of RNA or single-stranded DNA. and 
1 0 also as antisense oligonucleotides. 

As the term is used in this application. 2'-0-alkylthioalkyl and/or 2"-C- 
alkylthioalkyl nucleotide or non-nucleotide-containing enzymatic nucleic acids 
are catalytic nucleic molecules that contain 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl nucleotide or non-nucleotides components replacing one or 
more bases or regions including, but not limited to, those bases in double 
stranded stems, single stranded "catalytic core" sequences, single-stranded 
loops or single-strandt • iscognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in a 
nucleotide base sequence specific manner. Such catalytic nucleic acids can 
also act to cleave Intramolecularly if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are 2*-0-alkylthioalkyl and/or 2'-C-alkylthioalkyl 
nucleotides or non-nucleotides which may be present in enzymatic nucleic 
acid or In antisense oligonucleotides or 2-5A antisense chimera. Such 
nucleotides or non-nucleotides are useful since they enhance the activity of 
the antisense or enzymatic molecule. The invention also relates to novel 
intermediates useful in the synthesis of such nucleotides or non-nucleotides 
and oligonucleotides (examples of which are shown in the Figures), and to 
methods for their synthesis. 

Thus, the invention features 2'-0-alkylthioalkyl nucleosides or non- 
nucleosides. that is a nucleoside or non-nucleosides having at the 2'-position 
on the sugar molecule a 2'-0-alkylthioalkyl moiety. In a related aspect, the 
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invention also features 2'-0.alkylthioalkyl nucleotides or non-nucleotides 
That is, the invention preferably includes those nucleotides or non-nucleotides 
having 2' substitutions as noted above useful for making enzymatic nucleic 
acids or antisense molecules that are not described by the art discussed 
above. 

The temi non-nucleotide refers to any group or compound which can be 
incorporated into a nucleic acid chain in the place of one or.more nucleotide 
units, including either sugar and/or phosphate substitutions, and allows the 
remaining bases to exhibit their enzymatic activity. The group or compound is 
abasic in that It does not contain a commonly recognized nucleotide base, 
such as adenine, guanine, cytosine, uracil or thymine, It may have 
substitutions for a 2" or 3' H or OH as described in the art. See Eckstein et al. 
and Usman et al., supra. 

The term nucleotide refers to the regular nucleotides (A. U. G, T and C) 
and modified nucleotides such as 6-methyl U, inosine, 5-methyl C and others. 
Specifically, the term 'nucleotide' is used as recognized in the an to include 
natural bases, and modlfie ' ses well known in the art. Such bases are 
generally located at the 1' posilion of a sugar moiety. The term "non- 
nucleotide' as used herein to encompass sugar moieties lacking a base or 
having other chemical groups in place of a base at the 1' position. Such 
molecules generally include those having the general fomiula: 



R2-0 




25 



wherein. R1 represents 2'-0-alkylthioalkyl or 2*-C-alkylthioalkyl; X 
represents a base or H; Y represents a phosphoms-containing group; and R2 
represents H, DMT or a phosphorus-containing group (Rgure 55). 
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Phosphorus-containing group is generally a phosphate, thiophosphate 
H-phosphonate. methylphosphonate. phosphoramidlte or other modified 
group known in the art. 

In a another aspect, the invention features 2'-C-alkylthioalkyl nucleosides 
or non-nucleosides. that Is a nucleotide or a non-nucleotide residue having at 
the 2'-position on the sugar molecule a 2'-C-alkylthioalkyl moiety. In a related 
aspect, the invention also features 2"-C-alkylthioalkyl nucleotides or non- 
nucleotides. That is, the invention preferably includes all those 2' modified 
nucleotides or non-nucleotides useful for making enzymatic nucleic acids or 
antisense molecules as described above that are not described by the art 
discussed above. 

Specifically, an "alkyi" group is as defined above, except that the term 
includes 2'-0-alkyl moeities. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2'-0.alkylthioalkyl and/or 2'-C- 
alkylthioaikyi nucleotides or non Ticleotides; e.g. enzymatic nucleic acids 
having a 2*-0-methylthiomethyl a; /or 2'-C-alkylthioalkyl nucleotides or non- 
nucleotides ; and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule, 
20 by forming the enzymatic molecule with at least one nucleotide or a non- 
nucleotide moiety having at its 2'-position an 2'-0-alkylthioalkyl and/or 2*-C- 
alkylthioalkyl group. 

In other related aspects, the invention features 2'-0-alkylthioalkyl and/or 
2'-C-alkyllhioalkyl nucleotide triphosphates. These triphosphates can be 
25 used in standard protocols to form useful oligonucleotides of this invention. 

The 2'-0.alkylthioalkyl and/or 2"-C-alkylthioall<yl derivatives of this 

invention provide enhanced activity and stability to the oligonulceotides 

containing them. 

In yet another preferred embodiment, the invention features 
30 oligonucleotides having one or more 2'-0-alkylthioalkyl and/or 2'-C- 
alkylthioalkyl abasic (non-nucleotide) moeities. For example, enzymatic 
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nucleic acds having a 2'-0-alkylthioalkyl and/or 2'-C-alkylthioalkyl abasic 
moeity: and a method for producing an enzymatic nucleic acid molecule 
having enhanced activity to cleave an RNA or single-stranded DNA molecule 
by forming the enzymatic molecule with at least one position having at its 2'- 
position an 2'-0-allcylthioalkyl or 2'.C-ali<ylthioalkyl group. 

In related embodiments, the Invention features enzymatic nucleic acids 
containing one or more 2'.O.alkylthioalkyl and/or 2'^.alkylthioalkyl 
substitutions either in the enzymatic portion, substrate binding portion or both 
as long as the catalytic activity of the ribozyme is not significantly decreased. ' 

In yet another preferred embodiment, the invention features the use of 2'- 
O-alkylthioalkyl moieties as protecting groups for 2'-hydroxyl positions of 
ribofuranose during nucleic acid synthesis. 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particulary useful for 
enzymatic RNA molecules. Thus, below is provided examples of such 
molecules. Those in the art will recogn' ' that equivalent procedures can be 
used to make other molecules without .uch enzymatic activity. Specifically 
Figure 1 shows base numbering of a hammerhead motif in which the 
numbenng of various nucleotides in a hammerhead ribozyme is provided. 

Referring to Figure 1 . the prefen-ed sequence of a hammerhead ribozyme 
in a 5'- to 3'-direction of the catalytic core is CUGANGAG [base paired with] 
CGAAA. In this invention, the use of 2'.O.alkylthioalkyl and/or 2'-C- 
alkylthioalkyl substituted nucleotides or non-nucleotides that maintain or 
enhance the catalytic activity and or nuclease resistance of the hammertiead 
ribozyme is described. Substitutions of any nucleotide with any of the 
modified nucleotides or non-nucleotides discussed above are possible 
Usman et a/., supra and Sproat et al.. supra as well as other publications 

indicate those bases that can be substituted in noted ribozyme motifs. Those 
m the art can thus detemiine those bases that may be substituted as described 
herein with beneficial retainment of enzymatic activity and stability. 
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Non-nucleotidgR 

Usman. et al.. WO 93/15187 in discussing modified structures 
ribozymes states: 

It should be understood that the linkages between 
he building units of the polymeric chain may be 
linkages capable of bridging the units together for 
either HLvilm or in vjvg. For example the linkage 
may be a phosphorous containing linkage e g 
phosphodiester or phosphothloate, or may be a 
nitrogen containing linkage, e.g., amide. It should 
further be understood that the chimeric polymer 
may contain non-nucleotide spacer molecules 
along with its other nucleotide or analogue units 
Examples of spacer molecules which may be used 
are described in Nielsen et al. Ssience 254 ■1497- 
1500 (1991). — Si^. 

i^r-i^inn^fTi"^^ ' 94/13688 while discussing hammerhead ribozyme 
lacking the usual stem 11 base-paired region state: noozyme 

One or more ribonucleotides and/or 
deoxyribonucleotides of the group (X)^, [stem II] 
may be replaced, for examrl., with a linker 
selected from optionally substituted 
polyphosphodiester (such as poly(1-phospho-3- 
propanol)). optionally substituted alkyi, optionally 
substituted polyamide, optionally substituted glycol 
and the like. Optional substituents are well known 
in the art, and include alkoxy (such as methoxy 
ethoxy and propoxy), straight or branch chain lower 
alkyI such as Ci • C5 alkyI). amine, aminoalkyi 
(such as amino Ci - C5 alkyI), halogen (such as F 
01 and Br) and the like. The nature of optionai 
substituents is not of importance, as long as the 
resultant endonuclease is capable of substrate 
cleavage. 

Additionally, suitable linkers may comprise 
polycyclic molecules, such as those containing 
phenyl or cyclohexyl rings. The linker (L) may be a 
polyether such as polyphosphopropanediol, 
polyethyleneglycol, a bifunctional polycyclic 
molecule such as a bifunctional pentalene, indene 
naphthalene, azulene, heptalene, biphenylene' 
asymindacene, sym-indacene. acenaphthylene' 
fiuorene. phenalene. phenanthrene, anthracene' 
fluoranthene, acephenathrylene, aceanthrylene' 
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triphenylene, pyrene, chrysene, naphthacene, 
thianthrene, isobenzofuran, chromene, xanthene, 
phenoxathiin, indolizine, isoindole, 3-H-indole, 
indole. l-H-indazole. 4-H.quinoli2ine. isoquinoline,' 
5 quinoline. phthalazine, naphthyridine. quinoxaline, 

quinazoline, cinnoline, pterldine. 4-aH-carbzole, 
carbazole, B-carboline. phenanthridine, acridine,' 
porimldlne, phenanthroline. phenazine, 
Phenolthiazine, phenoxazine, which polycyclic 
compound may be substituted or modified, or a 
combination of the poiyethers and the polycyclic 
molecules. 

The polycyclic molecule may be substituted 
of poiysubstituted with Ci -C5 alkyi, alkenyl. 
^ 5 hydroxyalkyl. halogen of haloalkyi group or with O- 

A or CH2-O-A wherein A Is H or has the formula 
CONR'R' wherein R' and R" are the same or 
different and are hydrogen or a substituted or 
unsubstituted Ci - Ce alkyl. aryl. cycloalkyl. or 
heterocyclic group; or A has the formula -M-NR'R" 
wherein R' and R' are the same or different and are 
hydrogen, or a C1-C5 alkyl. alkenyl, hydroxyalkyl. 
or haloalkyi group wherein the halo atom is 
"uorine, chlorine, bromine, or iodine at m; and -M- 
25 is an organic moiety having 1 to 10 c ,! on atoms 

and is a branched or straight chain alkyl, aryl, or 
cycloalkyl group. 

In one embodiment, the linker is 
tetraphosphopropanediol or 
3° pentaphosphopropanediol. In the case of 

polycyclic molecules there will be preferably 18 or 
more atoms bridging the nucleic acids. More 
preferably their will be from 30 to 50 atoms 
„- bridging, see for Example 5. In another 

embodiment the linker is a bifunctional carbazole or 
bifunctional carbazole linked to one or more 
polyphosphoropropanediol. 

Such compounds may also comprise 
suitable functional groups to allow coupling through 
reactive groups on nucleotides." 



This invention concerns the use of non-nucleotide molecules as spacer 
elements at the base of double-stranded nucleic acid (e.g., RNA or DNA) 
stems (duplex stems) or more preferably, in the single-stranded regions, 
catalytic core, loops, or recognition arms of enzymatic nucleic acids. Duplex 
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stems are ubiquitous structural elements in enzymatic RNA molecules To 
facilitate the synthesis of such stems, which are usually connected via single- 
stranded nucleotide Chains, a base or base-pair mimetic may be usTd To 
5 IT - synthesis of such molecules, and to 

5 confer nuclease resistance (since they are non-nucleic add components). 
This also applies to both the catalytic core and recognition am.s of a ribozyme 
In particular abasic nucleotides (i.e.. moieties lacking a nucleotide base, but 
having the sugar and phosphate portions) can be used tcprovlde stability 
within a core of a ribozyme. ^, at U4 or N7 of a hammerhead structure 
1 0 shown in Figure 1 . "'-lure 

Thus, the Invention features an enzymatic nucleic acid molecule having 

an RMa"° hmTT"'"' '"^'"9 ""^"^^"^ -'-»y to Cleave 

an RNA or DNA molecule. 

Examples of such non-nucleotide mimetics are shown in Figure 58 and 
their incorporation Into hammerhead ribozymes is shown in Figure 60 These 
non-nucleotlde linkers may be either polyether. polyamine. polyamide. or 
polyhydrocarbon compounds. Specific examples Include .i.ose described by 
Seeia and Kaiser. Nucleic Acids Res. 1990. rft6353 and Nucleic Acids Res 
1987. 75:3113; Cload and Schepartz. J. Am. Chem. Sac. 1991. 113:6324- 
Richardson and Schepartz. J. Am. Chem. Sac. 1991. 7 75:5109; Ma et al ' 
Nuc e,c Ac.ds Res. 1993. 27:2585 and Biochemistry 1993, 32:1751; Durand 
et a . Nucleic Acids Res. 1990. 75:6353; McCurdy et al.. Nucleosides & 
Nucleot,des , B91. 10:287: JSschke et al.. Tetrahedron Lett. 1993. 34:301- 

oof'^'^'"'''''^"^'' ^'"^'^ 'ntemational Publication 

No. WO 89/02439 entitled 'Non-nucleotlde Linking Reagents for Nucleotide 
Probes : and Ferentz and Verdine. J. Am. Chem. Soc. 1991. 7 73:4000. all 
hereby incorporated by reference herein. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA. which provide the enzymatic activity of the molecule, 
linked to the non-nucleotide moiety. 

In preferred embodiments, the enzymatic nucleic acid includes one or 
more stretches of RNA. which provide the enzymatic activity of the molecule. 
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linked to the non-nucleotide moiety. The necessary ribonucleotide 
components are known in the art, sas, e.g., Usman, sypra and Usman et aL, 
NucL Acid. Svmp. Genes 31:163. 1994. 

As the term is used in this application, non-nucleptide-containing 
5 enzymatic nucleic acid means a nucleic acid molecule that contains at least 
one non-nucleotide component which replaces a portion of a ribozyme, e.g., 
but not limited to, a double-stranded stem, a single-stranded "catalytic core" 
sequence, a single-stranded loop or a single-stranded recognition sequence. 
These molecules are able to cleave (preferably, repeatedly cleave) separate 
1 0 RNA or ONA molecules in a nucleotide base sequence specific manner. Such 
molecules can also act to cleave intramolecularly if that is desired. Such 
enzymatic molecules can be targeted to virtually any RNA transcript. Such 
molecules also include nucleic acid molecules having a 3' or 5' non- 
nucleotide, useful as a capping group to prevent exonuclease digestion. 

1 5 Non-nucleotide mimetics useful in this invention are generally described 

above and in Usman et al. WO 95/06731. Those in the art will recognize thai 
these mimetics can be incorporated into an enzymatic molecu^ by standard 
techniques at any desired location. Suitable choices can be made by 
standard experiments to determine the best location, e.g., by synthesis of the 

20 molecule and testing of its enzymatic activity. The optimum molecule will 
contain the known ribonucleotides needed for enzymatic activity, and will have 
non-nucleotides which change the structure of the molecule in the least way 
possible. What is desired is that several nucleotides can be substituted by 
one non-nucleotide to save synthetic steps in enzymatic molecule synthesis 

25 and to provide enhanced stability of the molecule compared to RNA or even 
DNA. 

Synthesis 

This invention relates to the synthesis, deprotection, and purification of 
enzymatic RNA or modified enzymatic RNA molecules in milligram to kilogram 
30 quantities with high biological activity. Such syntheses are generally detailed 
in Stinchcomb t al., WO 95/23225, 
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This invention relates to the synthesis, deprotection. and purification of 
enzyrnafc RNA or modified enzymatic RNA molecules in milligram to Cam 
quantities with high biological activity. w'ogram 

Generally. RNA is synthesized and purified by methodologies based on- 
5 tetrazole to activate the RNA amidlte. NH4OH to remove the exocyclic amino 
protecting groups, tetra-n-butylammonium fluoride (TBAF) to remove the 
alkylsilyl protecting groups, and gel purification and analysis of the 
deprotected RNA. In particular this applies to. but is not limited to. a certain 
class of RNA molecules, ribozymes. These may be formed either chemically 
10 or using enzymatic methods. Examples of the chemical synthesis 
TT^Tr''""''':^:''' analysis procedures are provided by Usman ei 
a^.. 1987 J. American Chem. Soc. 109. 7845. Searings et al. Nucleic Acids 
r.. 5433-5341. Perreault era/. Bioci^emis^ ,S91, 3otZ-402S 
and Slim and Gait Nucleic Acids Res. 1991. 19. 1183-1188. Odai etal FEBS 
15 Lett 1990. 267. 150-152 describes a reverse phase chromatograp^! 
punf.cat.on of RNA fragments used to fom, a ribozyme. All the above noted 
references are all hereby incorporated by reference herein. 

The aforementioned chemical synthesis, deprotection. purification and 

20 TT ^^^"^'"•■"^ '^^"^"--g (^0-15 m coupling times) and may 

20 also be affected by inefficient activation of the RNA amidiles by tetrazole time 
consuming (6-24 h) and incomplete deprotection of the exocyclic amino 
pro ecting groups by NH4OH. time consuming (6-24 h), incomplete and 
difficult to desalt TBAF-catalyzed removal of the alkylsilyl protecting groups 
time consuming and low capacity purification of the RNA by gel 
25 e ectrophoresis. and low resolution analysis of the RNA by gel 
electrophoresis. ^ 

.s,nJT7o> ^"'^ '^^^ 2039. describe the 

synthesis of 2 -amino-2'-deoxyribofuranosyl purines. They state that- 

To protect the 2--amir,o furKtion. we selected the trifluoroacetyl group which can 
easily be removed." 
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Chemical linkage 

Jennings et al., US Patent No. 5.298,612 describe the use of non- 
nucleolides to assemble a hammerhead ribozyme lacking a stem II portion. 

Draper et al., WO 93/23569 (PCT/US93/04020) describes synthesis of 
5 ribozymes in two parts in order to aid in the synthetic process (see, a^, p. 40). 

Usman et al., WO 95/06731, describe enzymatic nucleic acid molecules 
having non-nucleotides within their structure. Such non-nucleotides can be 
used in place of nucleotides to allow formation of an enzymatic nucleic acid. 

This invention relates to improved methods for synthesis of enzymatic 
10 nucleic acids and, in particular, hammerhead and hairpin motif ribozymes. 
This invention is advantageous over iterative chemical synthesis of ribozymes 
since the yield of the final ribozyme can be significantly increased. Rather 
than synthesizing, for example, a 37mer hammerhead ribozyme. two partial 
ribozyme portions, e.g. . a 20mer and a 17mer, can be synthesized in 
15 significantly higher yield, and the two reacted together to form the desired 
enzymatic nucleic acid. 

Referring to Fig, 68, the strategy involved is shown for a hammerhead 
ribozyme where each n or n' is independently any desired nucleotide or non- 
nucleotide, each filled-iri circle represents pairing between bases or other 

20 entities, and the solid line represents a covalent bond. Within the structure 
each n and n' may be a ribonucleotide, a 2'-methoxy-substituted nucleotide, or 
any other type of nucleotide which does not significantly affect the desired 
enzymatic activity of the final product (see Usman et al.. suora ). In the 
particular embodiment shown, which is not limiting in this invention, five 

25 ribonucleotides are provided at rG5. rA6, rG8, rGl2, and rAIS.I. U4 and U7 
may be abasic (Lfi,., lacking the uridine moiety) or may be ribonucleotides, 2'- 
methoxy substituted nucleotides, or other such nucleotides. a9. a13. and a14 
are preferably 2'-methoxy or may have other substituents. The synthesis of 
this hammertiead ribozyme is performed by synthesizing a 3' and a 5* portion 

30 as shown in a lower part of Fig. 68, Each 5' and 3' portion has a chemically 
reactive group X and Y, respectively. Non-limiting examples of such 
chemically reactive groups are provided in Fig. 69. These groups undergo 



wo 



PCr/US95/lS516 



59 



10 



15 



Chemical reactions to provide the bonds shown in Fig. 69, Thus, the X and Y 
can be used, in various combinations, in this invention to form a chemical 
linkage between two ribozyme portions. 

Thus, the invention features a method for synthesis of an enzymatically 
active nucleic acid (as defined by Draper, smi^) by providing a 3' and a 5' 
portion of that nucleic acid, each having independently chemically reactive 
groups at the 5' and 3' positions, respectively. The reaction is performed 
under conditions in which a covalent bond is formed between the S" and 5' 
portions by those chemically reactive groups. The bond formed can be but is 
not limited to, either a disulfide, morpholino. amide, ether, thioether. amine a 
double bond, a sulfonamide, carbonate, hydrazone or ester bond. The bond 
is not the natural bond formed between a 5' phosphate group and a 3' 
hydroxyl group which is made during nomial synthesis of an oligonucleotide 
In other embodiments, more than two portions can be linked together using 
pairs of X and Y groups which allow proper formation of the ribozyme (see 
Figure 69). 

By "chemically reactive group- is simply meant a group which can react 
with another group to fomi the desired bonds. These bonds may be formed 
under any conditions which will not significantly affect the structure of the 
resulting enzymatic nucleic acid. Those in the an will recognize that suitable 
protecting groups can be provided on the ribozyme portions. 

In preferred embodiments the nucleic acid has a hammerhead motif and 
the 3* and 5' portions each have chemically reactive groups in or immediately 
adjacent to the stem II region (see Fig. 1). The stem II region is evident in Fig 
25 1 between the bases temied a9 and rGl2. The C and G within this stem 
defines the end of the stem II region. Thus, any of the n or n' moieties within 
the stem II region can be provided with a chemically reactive group. As is 
evident from this structure, the chemically reactive groups need not be 
provided in the solid line portion but can be provided at any of the n or n'. In 
this way the length of each of the 5' and 3" portions can vary by several bases 
(Figure 70). 
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In other preferred embodiments, the chemically reactive group can be 
but is not limited to. (CH2)nSH; (CH2)nNHR; (CH2)nX; ribose; COOH;' 
(CH2)nPPh3; (CH2)nS02CI: (CH2)nC0R; (CH2)nRNH or (CH2)nOH. where. 
CH2 can be replaced by another group which forms a linking chain (which 
5 does not interfere with the terminal chemically reactive group) containing 
various atoms including, but not limited to CH2. such as methylenes, ether, 
ethylene glycol, thioethers. double bonds, aromatic groups and others, 
generally at most 20 such atoms are provided in the linking chain, most 
preferably only 5-10 atoms, and even more preferably only 3- 5 atoms; each 
10 n independently is an integer from 0 to 10 inclusive and may be the same or 
different; each R independently is a proton or an alkyl. alkenyl (as described 
above) and other functional groups or conjugates such as peptides, steroids, 
hoemones, lipids, nucleic acid sequences and others that provides nuclease 
resistance, improved cell association, improved cellular uptake or 
interacellular localization. X is halogen, and Ph represents a phenyl ring. 

In yet other prefen-ed embodiments, the conditions include provision of 
NalO^ in contact with the ribose, and subsequent provision of a reducing 
group such as NaBH4 or NaCNBHs; <he conditions include provision of a 
coupling reagent. 
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In a second related aspect, the invention features a mixture of the 5' and 
3' portions of the enzymatically active nucleic acids having the 3' and 5' 
chemically reactive groups noted above. 

Those in the art will recognize that while examples are provided of half 
ribozymes it is possible to provide ribozymes in 3 or more portions. For 
25 example, the hairpin ribozyme may be synthesized by inclusion of chemically 
reactive groups In helix IV and In other helices which are not critical to the 
enzymatte activity of the nucleic acid. 

Pol Ill-based v§q\<}^ 

This invention relates to RNA polymerase lll-based methods and systems 
30 for expression of therapeutic RNAs in cells in vivo or in vitro. 
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The RNA polymerase III (pol III) promoter is one found in DNA encoding 
5S, U6. adenovinjs VA1. Vault, telomerase RNA, tRNA genes, etc., and is 
transcribed by RNA polymerase III (for a review see Geiduschek and Tocchini- 
Valentini, 1988 Annu. Rev. Biochem. 57, 873-914; Willis, 1993 Eur, J, 
Biochem. 212, 1-11). There are three major types of pol III promoters: types 1, 
2 and 3 (Geiduschek and Tocchini-Valentini, 1988 supra: Willis. 1993 supra) 
(see Figure 1). Type 1 pol III promoter consists of three cis-acting sequence 
elements downstream of the transcriptional start site a) 5*sequence element 
(A block); b) an intermediate sequence element (I block); c) 3* sequence 
element (C block). 5S ribosomal RNA genes are transcribed using the type 1 
pol III promoter (Specht et aL, 1991 Nucleic Acids Res. 19, 2189-2191. 

The type 2 pol III promoter is characterized by the presence of two cis- 
acting sequence elements downstream of the transcription start site. All 
Transfer RNA (tRNA), adenovirus VA RNA and Vault RNA (Kikhoefer et aL. 
1993. J. Biol. Chem. 268. 7868-7873) genes are transcribed using this 
promoter (Geiduschek and Tocchini-Valentini, 1988 supra\ Willis, 1993 supra). 
The sequence composition and orientation of the two cis-acting sequence 
elements- A box (5* sequence element) and B box (3' sequence element) are 
essential for optimal transcription by RNA polymerase III. 

The type 3 pol III promoter contains all of the cis-acting promoter 
elements upstream of the transcription start site. Upstream sequence 
elements Include a traditional TATA box (Mattaj et ah. 1988 Cell 55, 435-442), 
proximal sequence element (PSE) and a distal .sequence element (DSE; 
Gupta and Reddy, 1991 Nucleic Acids Res. 19. 2073-2075). Examples of 
genes under the control of the type 3 pol III promoter are U6 small nuclear 
RNA (U6 snRNA) and Telomerase RNA genes. 

In addition to the three predominant types of pol III promoters described 
above, several other pol III promoter elements have been reported (Willis, 

1993 supra) (see Figure 76). Epstein-Barr-virus-encoded RNAs (EBER). 
Xenopus seleno-cysteine tRNA and human 7SL RNA are examples of genes 
that are under the control of pol III promoters distinct from the aforementioned 
types of promoters. EBER genes contain a functional A and B box (similar to 
type 2 pol III promoter). In addition they also require an EBER-specific TATA 
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box and binding sites for ATF transcription factors (Howe and Shu. 1989 Cell 
57.825-834). The seleno-cysteine tRNA gene contains a TATA box. PSE and 
DSE (similar to type 3 pol III promoter). Unlike most tRNA genes, the seleno 
cysteine tRNA gene lacks a functional A box sequence element It does 
require a functional B box (Lee et al.. 1989 J. Biol. Chem. 264. 9696-9702) 
The human 7SL RNA gene contains an unique sequence elemeni 
downstream of the transcriptional start site. Additionally, upstream of the 
transcriptional start site, the 7SL gene contains binding sites for ATF class of 
transcnption factors and a DSE (Bredow et al., 1989 Gene 86, 217-225). 

Gilboa WO 89/11539 and Gilboa and Sullenger WO 90/13641 describe 
transfomiation of eucaryotic cells with DNA under the control of a pol III 
promoter. They state: 

■In an attempt to improve antisense RNA synthesis using stable gene transfer 
protocols, the use of pol til promoter to drive the expression of antisense RNA can be 
conskJered. The underiying rationale for the use of pol in promoters is that they can 
generate substantially higher levels of RNA transcripts in cells as compared to poi ii 
promoters. For example, it is estimated that In a eucaryotic cell there are about 6 x 10^ t- 
RNA molecules and 7 x 105 mRNA molecules, i.e.. about 100 fold more pol III transcripts 
of this class than total pol II transcripts. Since there are about 100 active t-RNA genes 
per cell, each t-RNA gene will generate on the average RNA transcripts equal in number 
to total pol II transcripts. Since an abundant pol II gene transcript represents about 1% 
of total mRNA while an average pol II transcript represents about 0.01 % of total mRNA. a 
t-RNA (pol ill) based transcriptional unit may be able to generate 100 fold to 10.000 fold 
more RNA than a pol II based transcriptional unit. Several reports have described the 
use of pol III promoters to express RNA in eucaryotic cells. Lewis and Manley and 
Sisodia have fused the Adenovims VA-1 promoter to various DNA sequences (the 
herpes TK gene, globin and tubulin) and used transfection pn,tocols to transfer the 
resulting DNA constoicts into cultured cells which resulted in transient synthesis of RNA 
.n the transduced cell. De la Pana and Zasloff have expressed a t-RNA-Herpes TK 
fusion DNA COnstmct upon micnjinjection into frog oocytes. Jennings and Molloy have 
constnjcted an antisense RNA template by fusing the VA-l gene promoter to a DNA 
fragment derived from SV40 based vector which also resulted in transient expression of 
antisense RNA and limited inhibition of the target gene". [Citations omitted.] 
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The authors describe a fusion product of a chimeric tRNA and an RNA 
product (see Fig. 1C of WO 90/13641). In particular they describe a human 
tRNA met] derivative 3-5. 3-5 was derived from a cloned human tRNA gene by 
deleting 19 nucleotides from the 3' end of the gene. The authors indicate that 
the truncated gene can be transcribed if a temiination signal is provided, but 
that no processing of the 3' end of the RNA transcript takes place. 

Adeniyi-Jones et al..1984 Nucleic Acids Res. 12, 1101-1115, describe 
certain constructions which "may serve as the basis for utilizing the tRNA gene 
as a -portable promoter' in engineered genetic constructions." The authors 
describe the production of a so-called A3-5 in which 1 1 nucleotides of the 3'- 
end of the mature tRNAimet sequence are replaced by a plasmid sequence, 
and are not processed to generate a mature tRNA. The authors state: 

•the properties of the tRNAi"iet 3. deletion plasmids described in this study suggest 
their potential use in certain engineered genetic constructions. The tRNA gene could 
be used to promote transcription of theoretically any DNA sequence fused to the 3' 
border of the gene, generating a fusion gene which would utilize the efficient 
polymerase III promoter of the human tRNAjmet gene. By fusion of the DNA sequence 
to a tRNAjmet ^eieUon mutant such as A3'-4. a long read-through transcript would be 
generated in vivo (dependent, of course, on the absence of effective RNA polymerase 
III termination sequences). Fusion of the DNA sequence to a tRNAj^et deletion mutant 
such as A3'-S would lead to the generation of a co-transcript from which subsequent 
processing of the tRNA leader at the 5' portion of the fused transcript would be blocked. 
Control over processing may be of some biological use in engineered constructions, as 
suggested by properties of mRNA species bearing tRNA sequences as 5' leaders in 
prokaryotas. Such 'dual transcripts" code for several predominant bacterial proteins 
such as EF-Tu and may use the tRNA leaders as a means of stabilizing the transcript 
from degradation in vivo. The potential use of the iRNAj"iet gene as a 'promoter 
leader" in eukaryotic systems has been realized recently .n our laboratory. Fusion 
genes consisting of the deleted tRNAjf^et sequences contained on plasmids A 3'-4 
and A 3'.5 in front of a promoter-less Herpes simplex type I thymidine kinase gene yield 
viral-specific enzyme resulting from RNA polymerase III dependent transcription in both 
X. laevis oocytes and somatic cells". [References omitted]. 
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Sullenger et al.. 1990 Cell 63. 601-619, describe over-expression of 
r/4fl-containing sequences using a chimeric tRNAjmet.7-^fl transcription unit 
in a double copy (DC) murine retroviral vector. 

Sullenger et al., 1990 Molecular and Cellular Bio. 10. 6512. describe 
expression of chimeric tRNA driven antisense transcripts. It indicates: 

•successful US6 of a tRNA-drlven antisense RNA transcription system was dependent 
on the use of a paitlcular type of retroviral vector, the doubles:opy (DC) vector. In which 
the chimeric tRNA gene was inserted in the viral LTR. The use of an Rl^lA pd Ill-based 
transcription system to stably express high levels of foreign RNA sequences in cells 
may have other important applications. Foremost, it may significantly improve the ability 
to inhibit endogenous genes in eucaryotic cells for the study of gene expression and 
function, whether antisense RNA. ribozymes. or competitors of sequence-specific 
binding factors are used. tRNA-driven transcription systems may be particularly useful 
for introducing -mutations' into the gem, line. i.e.. for generating transgenic animals or 
transgenic plants. Since tRNA genes are ubiquitously expressed in all cell types, the 
chimeric tRNA genes may be property expressed in all tissues of the animal, in contrast 
to the more idiosyncratic behavior of RNA pol ll-based transcription units. However, 
homologous recombination represents a more elegant although, at present, very 
cumbersome approach for introducing mutations into the germ line. In either case, the 
ability to generate transgenic animals or plants carrying defined mutations will be an 
extremely valuable experimental tool for studying gene function in a developmental 
context and for generating animal models for human genetic disorders. In addition. 
tRNA-driven gene inhibition strategies may also be useful in creating pathogen- 
resistant livestock and plants. [References omitted.] 

25 Gotten and Bimstiel.1989 EMBO Jml. 8. 3861. describe the use of tRNA 

genes to increase intracellular levels of ribozymes. The authors indicate that 
the nbozyme coding sequences ware placed between the A and the B box 
internal promoter sequences of the Xenopus tRNA"*' gene. They also 

indicate that the targeted hamfnerhead ribozytnes were active in vivo. 

30 Yu et al.. 1993 Proc. Natl. Acad. Sci. USA 90. 5340. describe the use of a 

VAI promoter to express a hairpin ribozyme. The resulting transcript consisted 
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of the first 104 nucleotides of the VAI RNA. followed by the ribozyme sequence 
and the tenninator sequence* 

Lieber and Strauss. 1995 Mol. Cellular Bio. 15. 540. inserted a 
hammerhead ribozyme sequence in the central domain of a VAI RNA. 

Pol llUbased vectors are described in Stinchcomb et al., WO 95/23225 
Another example is provided below. 

ExamolQ 1: .*=^trnm elvsin Hammerheari fibozvme? 

By engineering ribozyme motifs applicant has designed several 
nbozymes directed against stromelysin mRNA sequences. These ribozymes 
are synthesized with modifications that improve their nuclease resistance 
The ability of ribozymes to cleave stromelysin target sequences in vitro is 
evaluated. 

The ribozymes are tested for function in vivo by analyzing stromelysin 
expression levels. Ribozymes are delivered to cells by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection and/or by 
expression from DNA/RNA vectors. Stromelysin expression is monitored by 
biological assays. ELISA, by indirect immunofluoresence. and/or by FACS 
analysis. Stromelysin mRNA levels are assessed by Northern analysis. 
RNAse protection, primer extension analysis and/or quantitative RT-PCR 
Ribozymes that block the induction of stromelysin activity and/or stromelysin 
mRNA by more than 50% are identified. 

Ribozymes targeting selected regions of mRNA associated with arthritic 
disease are chosen to cleave the target RNA in a manner which preferably 
inhibits translation of the RNA. Genes are selected such that inhibition of 
translation will preferably inhibit cell replication, s^. by inhibiting production 
of a necessary protein or prevent production of an undesired protein, 

Stromelysin. Selection of effective target sites within these critical regions of 
mRNA may entail testing the accessibility of the target RNA to hybridization 
with various oligonucleotide probes. These studies can be performed using 
RNA or DNA probes and assaying accessibility by cleaving the hybrid 
molecule with RNaseH (see below). Alternatively, such a study can use 
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ribozyme probes designed from secondary structure predictions of the 
mRNAs. and assaying cleavage products by polyacrylamide gel 
electrophoresis (PAGE), to detect the presence of cleaved and uncleaved 
molecules. 

5 In addition, potential ribozyme target sites within the rabbit strcmelysin 

mRNA sequence (1795 nucleotides) were located and aligned with the human 
target sites. Because the rabbit stromelysin mRNA sequence has an 84% 
sequence identity with the human sequence, many ribozyme target sites are 
also homologous. Thus, the rabbit has potential as an appropriate animal 

10 model in which to test ribozymes that are targeted to human stromelysin but 
have homologous or nearly homologous cleavage sites on rabbit stromelysin 
mRNA as well (Tables AII-AVI, AVIII & AIX ). Thirty of the 316 UH sites in the 
rabbit sequence are identical with the corresponding site in the human 
sequence with respect to at least 14 nucleotides surrounding the potential 

15 ribozyme cleavage sites. The nucleotide in the RNA substrate that is 
immediately adjacent (5') to the cleavage site is unpaired in the ribozyme- 
substrate complex (see Fig. 1) and is consequently not included in the 
comparison of human and rabbit potential ribozyme sites. In choosing human 
ribozyme target sites for continued testing, the presence of identical or neariy 

20 identical sites in the rabbit sequence is considered. 

Example 2: Supnri^r git^y 

Potential ribozyme target sites were subjected to further analysis using 
computer folding programs (Mulfold or a Macintosh-based version of the 
following program. LRNA (Zucker (1989) Sfiifincfi 244:48). to detennine if 1) 
25 the target site is substantially single-stranded and therefore predicted to be 
available for interaction with a ribozyme, 2) if a ribozyme designed to that site 
is predicted to form stem II but is generally devoid of any other intramolecular 
base pairing, and 3) if the potential ribozyme and the sequence flanking both 
Sides of the cleavage site together are predicted to Interact correctly. The 

30 sequence of Stem II can be altered to maintain a stem at that position but 
minimize Intramolecular basepairing with the ribozyme's substrate binding 
amis. Based on these minimal criteria, and including all the sites that are 
identical in human and rabbit stromelysin mRNA sequence, a subset of 66 
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potential superior ribozyme target sites was chosen (as first round targets) for 
continued analysis. These are SEQ. ID. NOS.: 34. 35. 37, 47, 54, 57, si. 63 
64, 66. 76. 77. 79. 87. 88. 96. 97. 98. 99. 100. 107. 110, 121, 126. 128. 129^ 
133. 140. 146. 148. 151. 162. 170. 179. 188. 192. 194. 196. 199, 202 203 
207. 208. 218. 220. 223. 224. 225. 227, 230. 232. 236, 240, 245, 246,' 256* 
259. 260. 269. 280. 281 . 290. 302, 328. 335 and 353 (see Table Alll). 

Example 3: A,n^^ffsiblQ sitay 

To determine if any or all of these potential superior sites might be 
accessible to a ribozyme directed to that site, an RNAse H assay is carried out. 
Using this assay, the accessibility of a potential ribozyme target site to a DNA 
oligonucleotide probe can be assessed without having to synthesize a 
ribozyme to that particular site. If the complementary DNA oligonucleotide is 
able to hybridize to the potential ribozyme target site then RNAse H. which has 
the ability to cleave the RNA of a DNA/RNA hybrid, will be able to cleave the 
target RNA at that particular site. Specific cleavage of the target RNA by 
RNAse H is an indication that that site is "open" or "accessible" to 
oligonucleotide binding and thus predicts that the site will also be open for 
ribozyme binding. By comparing the relative amount of specific RNAse H 
cleavage products that are generated for each DNA oligonucleotide/site. 
20 potential ribozyme sites can be ranked according to accessibility. 

To analyze target sites using the RNAse H assay. DNA oligonucleotides 
(generally 13-15 nucleotides in length) that are complementary to the potential 
target sites are synthesized. Body-labeled substrate RNAs (either full-length 
RNAs or -500^0 nucleotide subfragments of the entire RNA) are prepared 

25 by in vitro transcription in the presence of a 32p.,abeied nucleotide. 
Unincorporated nucleotides are removed from the 32p.|abeled substrate RNA 
by spin chromatography on a G-50 Sephadex column and used without 
further purification. To carry out the assay, the 32p.|ab€ied substrate RNA is 
pre-incubated with the specific DNA oligonucleotide (1 uM and 0.1 jiM final 

30 concentration) in 20 mM Tris-HCI. pH 7.9. 100 mM KCI. 10 mM MgClg. 0.1 mM 
EDTA. 0.1 mM DTT at 37'C for 5 minutes. An excess of RNAse H (0.8 units/10 
fil reaction) is added and the incubation is continued for 10 minutes. The 
reaction is quenched by the addition of an equal volume of 95% formamide. 
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20 mM EDTA. 0.05% bromophenol blue and 0.05% xylene cyanol FF after 
Which the sample is heated to 95'C for 2 minutes, quick chilled and loaded 
onto a denaturing polyacrylamide gel. RNAse H-cleaved RNA products are 
separated from uncleaved RNA on denaturing polyacrylamide gels, visualized 
by autoradiography and the amount of cleavage product is quantified. 

RNAse H analysis on the 66 potential ribozyme sites (round 1) was 
carried out and those DNA oligonucleotides/sites that supported the most 
RNAse H cleavage were determined. These assays were carried out using 
full-length human and rabbit stromelysin RNA as substrates Results 
detemimed on human stromelysin RNA indicated that 23 of the 66 sites 
supported a high level of RNAse H cleavage, and an additional 13 supported 
a moderate level of RNAse H cleavage. Twenty-two sites were chosen frorr, 
among these two groups for continued study. Two of the criteria used for 
makrng this choice were 1) that the particular site supported at least moderate 
RNAse H cleavage on human stromelysin RNA and 2) that the site have two or 
fewer nucleotide differences between the rabbit and the human stromelysin 
sequence. RNAse H accessibility on rabbit stromelysin RNA was detemiined 
but was not used as a specific criteria for these choices. Those DNA 
oligonucleotides that are not totally complementary to the rabbit sequence 
may not be good indicators of the relative amount of RNAse H cleavage 
possibly because the mismatch leads to less efficient hybridization of the DNA 
oligonucleotide to the mismatched RNA substrate and therefore less RNAse H 
cleavage is seen. 

Example 4: Anaiv.sifi nf RihA-ryn^^^ 

Ribozymes were then synthesized to 22 sites (Table AV) predicted to be 
accessible as judged the RNAse H assay. Eleven of these 22 sites are 
Identical to the corresponding rabbit sites. The 22 sites are SEQ. ID. NOS.: 
34 35. 57. 125. 126. 127. 128. 129. 140. 162. 170. 179. 188. 223. 224 236 

245 246. 256. 259. 260. 281. The 22 ribozymes were chemically synthesized 
with recognition amis of either 7 nucleotides or 8 nucleotides, depending on 
Which nbozyme alone and ribozyme-substrate combinations were predicted 
by the computer folding program (Mulfold) to fold most correctly After 
synthesis, nbozymes are either purified by HPLC or gel purified 



wo 94/187M 



PCTAJS95/155I6 



69 



10 



15 



These 22 ribozymes were then tested for their ability to cleave both 
human and rabbit full-length stromelysin RNA. Full-length, body-labeled 
stromelysin RNA is prepared by in vitro transcription in the presence of [a- 
PJCTP. passed over a G 50 Sephadex column by spin chromatography and 
used as substrate RNA without further purification. Assays are performed by 
prewarming a 2X concentration of purified ribozyme in ribozyme cleavage 
buffer (50 mM Tris-HCI. pH 7.5 at s/c. 10 mM MgClg) and the cleavage 
reaction is initiated by adding the 2X ribozyme mix to an equal volume of 
substrate RNA (maximum of 1-5 nM) that has also been prewarmed in 
cleavage buffer. As an initial screen, assays are carried out for 1 hour at 37°C 
using a final concentration of 1 and 0.1 nM ribozyme. ribozyme 
excess. The reaction is quenched by the addition of an equal volume of 95% 
fomiamide. 20 mM EDTA. 0.05% bromophenol blue and 0.05% xylene cyanol 
FF after which the sample is heated to 9S''C for 2 minutes, quick chilled and 
loaded onto a denaturing polyacrylamide gel. Full-length substrate RNA and 
the specific RNA products generated by ribozyme cleavage are visualized on 
an autoradiograph of the gel. 

.Of the 22 ribozymes tested. 21 were able to cleave human and rabbit 
substrate RNA in vitro in a site-specific manner. In all cases, RNA cleavage 

20 products of the appropriate lengths were visualized. The size of the RNA was 
judged by comparison to molecular weight standards electrophoresed in 
adjacent lanes of the gel. The fraction of substrate RNA cleaved during a 
ribozyme reaction can be used as an assessment of the activity of that 
nbozyme in vitro. The activity of these 22 ribozymes on full-length substrate 

25 RNA ranged from approximately 10% to greater than 95% of the substrate 
RNA cleaved in the ribozyme cleavage assay using i ^M ribozyme as 
descnbed above. A subset of seven of these ribozymes was chosen for 
continued study. These seven ribozymes (denoted in Table AV) were among 
those with the highest activity on both human and rabbit stromelysin RNA. 

30 Five Of these seven sites have sequence identity between human and rabbit 
stromelysin RNAs for a minimum of 7 nucleotides in both directions flanking 
the cleavage site. These sites are 883. 947, 1132. 1221 and 1410. and the 
nbozymes are SEQ. ID. NOS.: 368. 369, 370, 371, 372. 373. and 374 
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Example 5: Length Tasts 

In order to test the effect of arm length variations on the cleavage activity 
of a ribozyme to a particular site in vitro, ribozymes to these seven sites were 
designed that had alterations in the binding arm lengths. For each site, a 
complete set of ribozymes was synthesized that included ribozymes with 
binding amis of 6 nucleotides. 7 nucleotides. 8 nucleotides, 10 nucleotides 
and 12 nucleotides. Lfi.. 5 ribozymes to each site. These ribozymes were gel- 
purified after synthesis and tested in ribozyme cleavage assays as described 
above. 

After analysis of the 35 ribozymes. five ribozymes with varied ami lengths 
to each of these seven sites, it was clear that two ribozymes were the most 
active in vitro. These two ribozymes had seven nucleotide arms directed 
against human sequence cleavage sites of nucleotide 617 and nucleotide 
820. These are referred to as RZ 617H 7/7 and RZ 820H 7/7 denoting the 
human (H) sequence cleavage site (617 or 820) and the arm length on the 5' 
and 3' side of the ribozyme molecule. 

EjJaniBlfe Testing the efficacy of riboTymfls in cell rultnrp 

The two most active ribozymes in vitro (RZ 617H 7/7 and RZ 820H 7/7) 
were then tested for their ability to cleave stromelysin mRNA in the cell. 
20 Primary cultures of human or rabbit synovial fibroblasts were used in these 
experiments. For these efficacy tests, ribozymes with 7 nucleotide arms were 
synthesized with 2' O- methyl modifications on the 5 nucleotides at the 5' end 
of the molecule and on the 5 nucleotides at the 3' end of the molecule. For 
comparison, ribozymes to the same sites but with 12 nucleotide arms (RZ 
617H 12/12 and RZ 820H 12/12) were also synthesized with the 2' 0 methyl 
modifications at the 5 positions at the end of both binding amis. Inactive 
nbozymes that contain 2 nucleotide changes in the catalytic core region were 
also prepared for use as controls. The catalytic core in the inactive ribozymes 
isCUiLAUGAGGCCGAAAGGCCGAU. versus 
CUfiAUGAGGCCGAAAGGCCGAA in the active ribozymes. The inactive 
nbozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 nM concentration for 1 
hour. 
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The general assay was as follows: Fibroblasts, which ■ produce 
stromelysin. are serum-starved overnight and ribozymes or controls are 
offered to the cells the next day. Cells are maintained in serum-free media 
The nbozyme can be applied to the cells as free ribozyme. or in association 
with various delivery vehicles such as catiooic lipids (Including Transfectam^" 
Lipofectin^" and Lipofectamine^"). conventional liposomes, non-phospholipid 
liposomes or biodegradable polymers. At the time of ribozyme addition or up 
to 3 hours later. Interleukin-la (typically 20 units/ml) can be added to the cells 
to induce a large increase in stromelysin expression. The production of 
stromelysin can then be monitored over a lime course, usually up to 24 hours. 

If a ribozyme is effective in cleaving stromelysin mRNA within a cell the 
amount of stromelysin mRNA will be decreased or eliminated. A decrease in 
the level of cellular stromelysin mRNA. as well as the appearance of the RNA 
products generated by ribozyme cleavage of the full-length stromelysin mRNA 
can be analyzed by methods such as Northern blot analysis. RNAse protection 
assays and/or primer extension assays. The effect of ribozyme cleavage of 
cellular stromelysin mRNA on the production of the stromelysin protein can 
also be mea.-\.t by a number of assays. These include the ELISA (Enzyme- 
Linked Immuno Sorbent Assay) and an immunofluorescence assay described 
20 below. In addition, functional assays have been published that monitor 
stromelysin's enzymatic activity by measuring degradation of its primary 
substrate, proteoglycan. 

Example 7: Anah/sis of ■<;tr 9melvsin Pr^ ^t^jp 

Stromelysin secreted into the media of Interieukin- la-induced human 
synovial fibroblasts was measured by ELISA using an antibody that 
recognizes human stromelysin. Where present, a TransfectamTM-nbozyme 
complex (0.15 \iM ribozyme final concentration) was offered to 2-4 x 1o5 
serum-stan/ed cells for 3 hours prior to induction with lnterieukin-1a. The 

Transfectam^" was prepared according to the manufacturer (Promega Corp ) 
except that 1:1 (w/w) dioleoyi phosphatidylethanolamine was included. The 
Transfectam^M-ribozyme complex was prepared in a 5:1 charge ratio, f^edia 
was harvested 24 hours after the addition of Interieukin-ia. The control (NO 
RZ) is Transfectam^M alone applied to the cell. Inactive ribozymes. with 7 
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nucleotide arms or 12 nucleotide arms have the two inactivating changes to 
the catalytic core that are described above. Cell samples were prepared in 
duplicate and the assay was carried out on several dilutions of the conditioned 
media from each sample. Results of the ELISA are presented below as a 
percent of stromelysin present vs. the control (NO RZ) which is set at 100% 



R2TARfiFT«OTF 

TREATMFNT 617H 

RZ7/7 



620H 

°6-83 07,05 



RZ 12/12 ,8.47 

10 INACTIVE R2 7/7 ,oO 

INACTIVE RZ 12/12 loO 

NO RZ CONTROL iqO 



33.90 
100 
100 
100 



20 



15 The results above clearly indicate that treatment with active ribozyme 

either RZ 617H 7/7 and RZ 820H 7/7. has a dramatic effect on the amount of 
stromelysin secreted by the cells. When compared to untreated, control cells 
or cells treated with inactive ribozymes. the level of stromelysin was 
decreased by approximately 93%. Ribozymes to the same sites but 
synthesized with 12 nucleotide binding arms, were also efficacious, causing a 
decrease in stromelysin to -.66 to -81% of the control. In previous in vitro 
nbozyme cleavage assays. RZ 617H 7/7 and RZ 820H 7/7 had better cleavage 
activity on full-length RNA substrates than ribozymes with 12 nucleotide arms 
directed to the same sites (617H 12/12 and RZ 820H 12/12). 

25 Example 8: I mmunofluor^ s cent Assay 

An alternative method of stromelysin detection is to visualize stromelysin 
protein in the cells by immunofluorescence. For this assay, cells are treated 
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with monensin to prevent protein secretion from the cell. The stromelysin 
retained by the cells after monensin addition can then be visualized by 
immunofluorescence using either conventional or confocal microscopy 
Generally, cells were serum-stan/ed overnight and treated with ribozyme the 
following day for several hours. Monensin was then added and after -S-e 
hours, monensin-treated cells were fixed and permeabilized by standard 
methods and incubated with an antibody recognizing human stromelysin 
Following an additional incubation period with a secondary antibody that is 
conjugated to a fluorophore. the cells were observed by microscopy A 
decrease in the amount of fluorescence in ribozyme-treated cells, compared to 
cells treated with inactive ribozymes or media alone, indicates that the level of 
stromelysin protein has been decreased due to ribozyme treatment. 

As visualized by the Immunofluorescence technique described above 
treatment of human synovial fibroblasts with either RZ 617H 7/7 or RZ 820H 
7/7 (final concentrations of 1.5 jiM free ribozyme or 0.15 ribozyme 
complexed with Transfectam^M resulted in a significant decrease in 
fluorescence, and therefore stromelysin protein, when compared with controls 
Controls consisted of tre it.g with media or TransfectamTM alone. Treatment 
of the cells with the corresponding inactive ribozymes with two inactivating 
changes in the catalytic core resulted in immunofluorescence similar to the 
controls without ribozyme treatment. 

Rabbit synovial fibroblasts were also treated with R2 61 7H 7/7 or RZ 
820H 7/7. as well as with the two corresponding ribozymes (RZ 61 7R 7/7 or RZ 
820R 7/7) that each have the appropriate one nucleotide change to make 
them completely complementary to the rabbit target sequence. Relative to 
controls that had no ribozyme treatment, immunofluorescence in Interieukin- 
la-induced rabbit synovial fibroblasts was visibly decreased by treatment with 
these four ribozymes. whether specific for rabbit or human mRNA sequence 
For the immunofluorescence study In rabbit synovial fibroblasts, the antibody 
30 to human stromelysin was used. 

Example 9- qil?^^yY"1 9 Cleavage nf Cellular F^M^ 
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The following method was used in this example. 
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Primer ext ension ag g?y 



The primer extension assay was used to detect full-length RNA as well as 
the 3- nbozyme cleavage products of the RNA of interest. The method 
involves synthesizing a DNA primer (generally -20 nucleotides in length) that 
5 can hybridize to a position on the RNA that is downstream (3") of the putative 
nbozyme cleavage site. Before use. the primer was labeled at the 5' end with 
P[ATP] using T4 polynucleotide kinase and purified from a gel. The labeled 
primer was then incubated with a population of nucleic acid isolated from a 
1 n T^'^'ulT ''^"'^''^ procedures. The reaction buffer was 50 mM Tris- 
10 HCI. pH 8.3. 3 mM MgClg. 20 mM KCI. and 10 mM DTT. A 30 minute 
extension reaction follows, in which all DNA primers that have hybridized to 
the RNA were substrates for reverse transcriptase, an enzyme that will add 
nucleotides to the 3' end of the DNA primer using the RNA as a template 
Reverse transcriptase was obtained from Life Technologies and is used 
15 essentially as suggested by the manufacturer. Optimally reverse 
transcriptase will extend the DNA primer, fomiing cDNA. until the end of the 
RNA substrate is reached. Thus, for ribozyme-cleaved RNA substrates the 
CDNA product will be shorter < ..- the resulting cDNA product of a full-length 
or uncleaved RNA substrate. The differences in size of the 32p.|abeled 
20 cDNAs produced by extension can then be discriminated by electrophoresis 
on a denaturing polyaciylamide gel and visualized by autoradiography. 

Strong secondary structure in the RNA substrate can. however, lead to 
premature stops by reverse transcriptase, "mis background of shorter cDNAs 
IS generally not a problem unless one of these prematurely terminated 
25 products electrophoreses in the expected position of the ribozyme-cleavage 
product of interest. Thus. 3" cleavage products are easily identified based on 
their expected size and their absence from control lanes. Strong stops due to 
secondary structure in the RNA do. however, cause problems in trying to 
quantify the total full-length and cleaved RNA present. For this reason, only 

30 the relative amount of cleavage can easily be determined. 

The primer extension assay was carried out on RNA isolated from cells 
that had been treated with TransfectamTM.complexed RZ 617H 7r7 RZ 820H 
7r7. R2 617H 12/12 and RZ 820H 12/12. Control cells had been treated with 
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ha ODNA length for ,ha 3- cleavag, product is 488 nudeotidos. tor 820 the 

in length Where present. , ml of 0.,5 ribozynw w« offered to -2-3 x IflS 
serum-stanred human synovial fibroblasts After -5 hr,.,r. ,n , 
.0 ,n.e.eu.l„.,. „as added to the celts end the "c:tin" dtrt' 

32p-labeled cDNAs of the correct sizes for the y products were clearlv 
v.s,ble ,n lanes that contained RNA from cells that had been treated m, activl 

i=T • .T° ''""''""'^ '2 """^'-'We arms by 

comparison o the relative amount of a' cleavage product v.sible. This 
cotrela es well with the data obtained by ELISA analysis of the conditioned 
med^ from these same samples: 1,. r„ldlHon. no cDNAs corresponding ,o the 

20 ,h. 7° T " °< >^ """ any o, 

the inactive nbozymes. ^ 

To insure that ribozyme cleavage of the RNA substrate was not occurring 

bodtTrhrn 7^^" One control was to add 

25 .«.M f P^^P"^^^ -'^^^ transcription, to the 

25 cenu^r lysate. This (ysate was then subiected to the typical RNA prepa^tLn 

and pnmer extension analysis except that n on- radioactive primer was used. If 

iTh^ Jllr 'T'"* °' 'y^'^ ^nder 
stroll PMr"n '"'"'^"^"^ body-labeled 

f T r.?'''' '''"^^ - n°t the case. Only 

30 fulMength RNA was visible by gel analysis, no ribozyme cleavage products 
were present. This is evidence that the cleavage products detected in RNA 
from nbozyme-treated cells resulted from ribozyme cleavage in the cell, and 
not during the subsequent analysis. 
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Example 10: R^^^^ Pr otection A ^^^y 

By RNAse protection analysis, botfi the 3' and the 5' products generated 
by nbozyme cleavage of the substrate RNA in a cell can be identified The 
_ RNAse protection assay Is carried out essentially as described in the protocol 
> provided with the Lysate RIbonuclease Protection Kit (United States 
Biochemical Corp.) The probe for RNAse protection is an RNA that is 
complementary to the sequence surrounding the ribozyme cleavage site 
This "antisense- probe RNA Is transcribed in vitro from a template prepared by 
the polymerase chain reaction in which the S" primer was a DNA 
» oligonucleotide containing the T7 promoter sequence. The probe RNA is 
body labeled during transcription by including 32pfCTPj in the reaction and 
purified away from unincorporated nucleotide triphosphates by 
chronriatography on G-50 Sephadex. The probe RNA (100.000 to 250 000 
cpms) is allowed to hybridize overnight at 370C to the RNA from a cellular 
^sate or to RNA purified from a cell lysate. After hybridization. RNAse T. and 
RNAse A are added to degrade all single-stranded RNA and the resulting 
products are analyzed by gel electrophoresis and autoradiography By this 
analysis, full-length, uncleaved target RN, ..ill protect the full-length probe 
For nbozyme-cleaved target RNAs. only a portion of the probe will be 
protected from RNAse digestion because the cleavage event has occurred in 
he region to which the probe binds. This results in two protected probe 
fragments whose size reflects the position at which ribozyme cleavage occurs 
and whose sizes add up to the size of the full-length protected probe. 

RNAse protection analysis was canied out on cellular RNA isolated from 
rabbit synovial fibroblasts that had been treated either with active or inactive 
nbozyme. The ribozymes tested had 7 nucleotide amis specific to the rabbit 
sequence but corresponding to human ribozyme sites 617 and 820 (i.e R2 
617R 7/7. R2 820R 7/7). The Inactive ribozymes to the same sites also had 7 
nucleotide amis and included the two inactivating changes described above. 
1^1^71 "borymes were not active on full-length rabbit stromelysin RNA in 

a typical 1 hour nbozyme cleavage reaction in vitro at a concentration of 1 uM 
For all samples, one ml of 0.15 ^iM ribozyme was administered as a 
Transfectam- complex to serum-starved cells. Addition of Interieukin-la 
followed 3 hours later and cells were harvested after 24 hours. For samples 



Wo 9«/1873£ 



PC:T/US95/15S16 



77 



15 



from cells treated with either active ribozyme tested, the appropriately-sized 
probe fragments representing ribozyme cleavage products were visible For 
site 617. two fragments corresponding to 125 and 297 nucleotides were 
present, for site 820 the two fragments were 328 and 94 nucleotides in length 
5 No protected probe fragments representing RNA cleavage products were 
v.s.ble in RNA samples from calls that not been treated with any ribozyme or 
m cells that had received the inactive ribozymes. FulHength protected probe 
422 nucleotides in length) was however visible, indicating the presence of 
full-length, uncleaved stromelysin RNA in these samples. 

PgliVgTY Free apci Transfflctam-ComnteyaH RiK.^ ^es to Flhrohioc. 

Ribozymes can be delivered to fibroblasts complexed to a cationic lipid 
or ,n free fomi. To deliver free ribozyme, an appropriate dilution of stock 
nbozyme (final concentration Is usually 1.5 ^M) is made in serum-free 
rnedium: if a radioactive tracer is to be used Q^, 32p,. the specific activity of 
the nbozyme is adjusted to 800-1200 cpm/pmol. To deliver ribozyme 
complexed with the cationic lipid Transfectam. the lipid is first prepared as a 
stock solution containing 1/1 (w/w) dioleoylp-.c-^phatidylcholine (DOPE) 
Ribozyme is mixed with the Transfectam/DOPE mixture at a 1/5 (RZ/TF) charge 
ratio: for a 36-mer ribozyme, this is a 45-fold molar excess of Transfectam 
(Transfectam has 4 positive charges per molecule). After a 10 min incubation 
at room temperature, the mixture is diluted and applied to cells, generally at a 
ribozyme concentration of 0.15 nM. For 32p experiments, the specific activity 
of the nbozyme is the same as for the free ribozyme experiments. 

After 24 hour, about 30% of the offered Transfectam-ribozyme cpm's are 
cell-associated (In a nuclease-reslstant manner). Of this, about 10-15% of the 
cpm's represent intact ribozyme; this Is about 20-25 million ribozymes per cell 
For the free ribozyme. about 0.6% of the offered dose is cell-associated after 
24 hours. Of this, about 10-15% is intact; this is about 0.6-0.8 million 
nbozymes per cell. 

^° £ xaniPl9 IV fn v^^rpclgavan^^ of strom«lvsin mR^ ^ h y ^^^^.^r- 

In order to screen for additional HH ribozyme cleavage sites, ribozymes 
targeted against some of the sites listed in example 2 and Table 3. were 
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synthesized. These ribozymes were extensively modified such thaf 5' 
terminal nucleotides contain phosphorothioate substitutions; except for five 
nbose residues In the catalytic core, all the other 2'-hydroxyl groups within the 
ribozyme were substituted with either 2'-0-methyl groups or 2'-C-allyl 
5 modifications. The aforementioned modifications are meant to be non-limiting 
modifications. Those skilled in the art will recognize that other embodiments 
can be readily generated using the techniques known in the art. 

These ribozymes were tested for their ability to cleave RNA substrates in 
vitro. Referring to Fig. 7. in vitro RNA cleavage by HH ribozymes targeted to 
10 sites 21. 463, 1049. 1366. 1403. 1410 and 1489 (SEQ. ID. NOS. 35, 98. 202 
263. 279, 281 and 292 respectively) was assayed at 37=C. Substrate RNAs 
were 5' end-labeled using (t^32pjatp and T4 polynucleotide kinase enzyme 
In a standard cleavage reaction under "ribozyme excess" conditions -1 nM 
substrate RNA and 40 nM ribozyme were denatured separately by heating to 
gO-C for 2 min followed by snap cooling on ice for 10 min. The substrate and 
the ribozyme reaction mixtures were renatured in a buffer containing 50 mM 
Tns-HCI. pH 7.5 and 10 mM MgCl2 at 37«C for 10 min. Cleavage reaction 
was initiated by mixing the ribozyme and the substrat; ^iNA and incubating at 
27°C. Aliquots of 5 ^l were taken at regular inten/als of time and the reaction 
quenched by mixing with an equal volume of formamide stop mix. The 
samples were resolved on a 20% polyacrylamide/urea gel. 

A plot of percent RNA substrate cleaved as a function of time is shown in 
Fig. 7. The plot shows that all six HH ribozymes cleaved the target RNA 
efficiently. Some HH ribozymes were, however, more efficient than others 
25 (fi^ 1 049HH cleaves faster than 1 366HH). 

aibOZYmg m^r^ As^flV in Cultured H S . 2 7 Cells ai^pH .q the Followir^n 
ExamolBi^); 

Ribozymes were assayed on either human foreskin fjbroblasts(HS-27) 
cell line or primary human synovial fibroblasts (HSF). All cells were plated the 
30 day before the assay in media containing 10% fetal bovine serum in 24 well 
plates at a density of 5x104 cells/well. At 24 hours after plating, the media 
was removed from the wells and the monolayers were washed with Dulbeccos 
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phosphate buffered saline (PBS). The cells were serum starved for 24 h by 
incubating the cells in media containing 0.5% fetal bovine serum (FBS- 1 
miywell). Ribozyme/lipid complexes were prepared as follows: Ribozymes and 
LipofectAMINE were diluted separately in serum-free DMEM plus 20 mM 
5 Hepes pH 7.3 to 2X final concentration, then equal volumes were combined 
vortexed and incubated at 37-C for 15 minutes. The charge ratio of 
LipofectAmine: ribozyme was 3:1. Cells were washed twice with PBS 
containing Ca2+ and Mg2+. Cells were then treated the ribozyme/lipid 
complexes and incubated at 37»C for 1.5 hours. FBS was then added to a 
10 final concentration of 10%. Two hours after FBS addition, the ribozyme 
containing solution was removed and 0.5 ml DMEM containing 50 u/ml IL-1 
10% FBS. 20 mM Hepes pH 7.3 added. Supematants were harvested 16 
hours after IL-1 induction and assayed for stromelysin expression by ELISA 
Polyclonal antibody against Matrix Metalloproteinase 3 (Biogenesis. NH) was 
15 used as the detecting antibody and anti-stromelysin monoclonal' antibody 
was used as the capturing antibody in the sandwich ELISA (Maniatis et al., 
supra) to measure stromelysin expression. 

£;<ample 12: Rihozyma-Mediated Inhibition of .SfrnmalYcin C v..^^^^^^^^^ 
human fibroblast call$ 

20 Referring to Figs. 8 through 13. HH ribozymes. targeted to sites 21 . 463. 

1049. 1366. 1403. 1410 and 1489 within human stromelysin-1 mRNA. were 
transfected into HS-27 fibroblast or HSF cell line as described above. 
Catalytically inactive ribozymes that contain 2 nucleotide changes in the 
catalytic core region were also synthesized for use as controls. The catalytic 
25 core in the inactive ribozymes was CUUAUGAGGCCQAAAGGCCGAU versus 
CUfiAUGAGGCCGAAAGGCCGAA In the active ribozymes. The inactive 
nbozymes show no cleavage activity in vitro when measured on full-length 
RNA in the typical ribozyme cleavage assay at a 1 fiM concentration for 1 
hour. Levels of stromelysin protein were measured using a sensitive ELISA 
30 protocol as described above. + IL-i in the figures mean that cells were 
treated with IL-1 to induce the expression of stromelysin expression. -IL-1 
means that the celts were not treated. Figs. 8 through 13 show the dramatic 
reduction in the levels of stromelysin protein expressed in cells that were 
transfected with active HH ribozymes. This decrease in the level of 
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stromelysin production is over and above some non-specific inhibition seen in 
cells that were transfected with catalytically inactive ribozymes. There is on an 
average a greater than 50% inhibition in stromelysin production (in cells 
transfected with active HH ribozymes) when compared with control cells that 
5 were transfected with inactive ribozymes. These results suggest that the 
reduction in stromelysin production in HS-27 cells is mediated by sequence- 
specific cleavage of human strome!ysin-1 mRNA by catalytically active HH 
ribozymes. Reduction in stromelysin protein production in cells transfected 
with catalytically inactive ribozymes may be due to some "antisense effect" 
1 0 caused by binding of the inactive ribozyme to the target RNA and physically 
preventing translation. 

Example 13: Ribozyme-mediated inhibition of stromelysin expression in 
Rabbit Knee 

In order to extend the ribozyme efficacy in cell culture, applicant has 
1 5 chosen to use rabbit knee as a reasonable animal model to study ribozyme- 
mediated inhibition of rabbit stromelysin protein expression. Applicant 
selected a HH ribozyme {1049HH), targeted to site 1049 witliin human 
stromelysin-1 mRNA. for animal studies because site 1049 is 100% identical 
to site 1060 (Tables All! and AVI) within rabbit stromelysin mRNA. This has 
20 enabled applicant to compare the efficacy of the same ribozyme in human as 
well as in rabbit systems. 

Male New Zealand White Rabbits (3-4 Kg) were anaesthetized with 
ketamine-HCI/xylazine and injected intra-articularly (IT.) in both knees with 
100 \ig ribozyme (e.g.. SEQ. ID. NO. 202) in 0.5 ml phosphate buffered saline 
25 (PBS) or PBS alone (Controls). The IL-1 (human recombinant IL-1a. 25 ng) 
was administered I.T.. 24 hours following the ribozyme administration. Each 
rabbit received IL-1 in one knee and PBS alone in the other. The synovium 
was harvested 6 hours post IL-1 infusion, snap frozen in liquid nitrogen, and 

Stored at -80X. Total RNA is extracted with TRIzol reagent (GIBCO BRL, 
30 Gaithersburg, MD), and was analyzed by Northem-blot analysis and/or 
RNase-protection assay. Briefly, 0.5 \ig cellular RNA was separated on 1 .0 % 
agarose/fomnaldehyde gel and transferred to Zeta-Probe GT nylon membrane 
(Bio-Rad, Hercules, CA) by capillary transfer for -16 hours. The blots were 
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baked for two hours and then pre-hybridized for 2 hours at 65»C In 10 ml 
Church hybridization buffer (7 % SDS, 500 mM phosphate. 1 mM EDTA. 1% 
Bovine Serum Albumin). The blots were hybridized at SS-'C for -16 hours with 
106 cpm/ml of full length 32p.|abeled complementary RNA (cRNA) probes to 
rabbit stromelysin mRNA (cRNA added to the pre-hybridization buffer along 
with 100 nl 10mg/ml salmon sperm DNA). The blot was rinsed once with 5% 
SDS, 25 mM phosphate, 1 mM EDTA and 0.5% BSA for 10 min at room 
temperature. This was followed by two washes (10 min each- wash) with the 
same buffer at SS^C, which was then followed by two washes (10 min each 
wash) at SS'C with 1% SDS. 25 mM phosphate and 1 mM EDTA. The blot 
was autoradiographed. The blot was reprobed with a 100 nt cRNA probe lo 
18S rRNA as described above. Following autoradiography, the stromelysin 
expression was quantified on a scanning densitometer, which is followed by 
normalization of the data to the 18S rRNA band intensities. 

As shown in Figs. 14-16, catalytically active 1049HH ribozyme mediates 
a decrease in the expression of stromelysin expression in rabbit knees. The 
inhibition appears to be sequence-specific and ranges from 50-70%. 

Example 14: Phosphorothioate-su hstituted Ribozvmes inhibit stromelv.sin 
expression in Rabbit Kneg 

Ribozymes containing four phosphorothioate linkages at the 5' termini 
enhance ribozyme efficacy in mammalian cells. Referring to Fig. 1 7, applicant 
has designed and synthesized hammertiead ribozymes targeted to site 1049 
within stromelysin RNA, wherein, the ribozymes contain five phosphorothioate 
linkages at their 5* and 3' tennini. Additionally, these ribozymes contain 2'-0- 
methyl substHutlons at 30 nucleotide positions, 2'-C-allyl substitution at U4 
position and 2'-0H at five positions (Fig 17A). As described above, these 
ribozymes were administered to rabbit knees to test for ribozyme efficacy. The 
1 049 U4-C-allyl P=S active ribozyme shows greater than 50 % reduction in 

the level of stromelysin RNA in rabbit knee. Catalytically inactive version of 
the 1049 U4-C-allyl P=S ribozyme shows -30% reduction in the level of 
stromelysin RNA. 
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Referring to Fig. 18, applicant has also designed and synthesized 
hammerhead ribozymes targeted to three distinct sites within stromelysin RNA, 
wherein, the ribozymes contain four phosphorothioate linkages at their 5' 
termini. Additionally, these ribozymes contain 2'-0-methyl substitutions at 29 
5 nucleotide positions, 2'-amino substitutions at U4 and U7 positions and 2*-0H 
at five positions. As described above, these ribozymes were administered to 
rabbit knees to test for ribozyme efficacy. As shown in Figures 18-21, 
ribozymes targeted to sites 1049. 1363 and 1366 are all efficacious in rabbit 
knee. All three ribozymes decreased the level of stromelysin RNA in rabbit 
1 0 knee by about 50 %. 

Sequences and chemical modifications described in figures 17 and 18 
are meant to be non-limiting examples. Those skilled in the an will recognize 
that similar embodiments with other ribozymes and ribozymes containing 
other chemical modifications can be readily generated using techniques 
1 5 known In the art and are within the scope of the present invention. 

Applicant has shown that chemical modifications, such as 6-methyl U 
and abasic (nucleotide containing no base) moieties can be substituted £' 
certain positions within the ribozyme. for example U4 and U7 positions, 
without significantly effecting the catalytic activity of the ribozyme. Similarly. 
20 3-3' linked abasic inverted ribose moieties can be used to protect the 3' ends 
of ribozymes in place of an inverted T without effecting the activity of the 
ribozyme. 

B7-1, B7-2, B7-3 and CD40 are attractive ribozyme targets by several 
criteria. The molecular mechanism of T cell activation is well-established. 
25 Efficacy can be tested in well-defined and predictive animal models. The 
clinical end-point of graft rejection is clear. Since delivery would be ex vivo. 
treatment of the correct cell population would be assured. Finally, the disease 
condition is serious and current therapies are inadequate. Whereas protein- 

based therapies would induce anergy against ail antigens encountered during 
10 the several week treatment period, ex vivo ribozyme therapy provides a direct 
and elegant approach to truly donor-specific anergy. 
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Similarly, autoimmune diseases and allergies can be prevented or 
treated by reversing the devastating course of immune response to self- 
antigens. Specifically, nucleic acids of this inventions can dampen the 
response to naturally occuring antigens. 

5 Example 15 : B7-1. B7>2. B7-3 and/or CD40 Hammerhead ribozvmes 

By engineering ribozyme motifs we have designed several ribozymes 
directed against B7-1. B7-2, B7-3 and/or CD40 encoded mRNA sequences. 
These ribozymes were synthesized with modifications that improve their 
nuclease resistance. The ability of ribozymes to cleave target sequences in 
1 0 vitro was evaluated. 

Several common human cell lines are available that can be induced to 
express endogenous B7-1, B7-2, B7-3 and/or CD40 . Alternatively, murine 
splenic cells can be isolated and induced, to express B7-1 or B7-2, with IL-4 or 
recombinant CD40 ligand. B7-1 and 87-2 can be detected easily with 
15 monoclonal antibodies. Use of appropriate flourescent reagents and 
flourescence-activated cell-sorting (FACS) will permit direct quantitation of 
surface B7-1 and B7-2 on a cell-by-cell basis. Active ribozymes are expected 
to directly reduce B7-1 or B7-2 expression. Ribozymes targeted to CD40 
would prevent induction of B7-2 by CD40 ligand. . 

20 Several animal models of transplantation are available - Mouse, rat, 

Porcine model (Fodor at al., 1994, Proc. Natl, Acad Sci. USA 91, 11153); or 
Baboon (reviewed by Nowak, 1994 Science 266, 1148). B7-1, B7-2, B7-3 
and/or CD40 protein levels can be measured clinically or experimentally by 
FACS analysis. B7-1, B7-2, B7-3 and/or CD40 encoded mRNA levels will be 

25 assessed by Northern analysis, RNase-protection, primer extension analysis 
and/or quantitative RT-PCR. Ribozymes that block the induction of B7-1, B7- 
2, B7-3 and/or CD40 activity and/or B7-1. B7-2. B7-3 and/or CD40 protein 
encoding mRNAs by more than 20% in vitro will be identified. 

Several animals models of autoimmune disorders are available- allergic 
30 encephalomyelitis (EAE) in Lewis rats (Carlson et al.. 1993 Ann. N.Y. Acad. 
Sci. 685, 86); animal models of multiple sclerosis (Wekerle et al., 1994 Ann. 
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Neurol. 36, s47) and rheumatoid arthritis (van Laar et a!., 1994 Cham. 
Immunol. 58, 206). 

Several animal models of allergy are available and are reviewed by 
Kemeny and Diaz-Sanchez, 1990, Clin. Exp. Immunol. 82, 423 and Pretolani 
5 et al., 1994 Ann. N.Y.Acad. Scf. 725, 247). 

RNA ribozymes and/or genes encoding them will be delivered by either 
free delivery, liposome delivery, cationic lipid delivery, adeno-associated virus 
vector delivery, adenovirus vector delivery, retrovirus vector delivery or 
plasmid vector delivery in these animal model experiments (see above). One 
1 0 dose of a ribozyme vector that constitutively expresses the ribozyme or one or 
more doses of a stable anti-B7-1, B7-2, B7-3 and/or CD40 ribozymes or a 
transiently expressing ribozyme vector to donor APC, followed by infusion into 
the recipient may reduce the incidence of graft rejection. Alternatively, graft 
tissues may be treated as described above prior to transplantation. 

15 Example 16: Svnthesis of 6-methvl. uridine phnsnhoramiditP 

Referring to Figure 30, the suspension of 6-methyl-uracil (2.77g, 21,96 
mmol) in the mixture of hexamethyldisllazane (50mL) and dry pyridine (50mL) 
was refluxed for three hours. The resulting clear solution of trimethylsilyl 
derivative of 6-methyl uracyl was evaporated to dryness and coevaporated 2 

20 times with dry toluene to remove traces of pyridine. To the solution of the 
resulting clear oil, in dry acetonltrile, 1-0-acetyl-2',3',5'-tri-0-benzoyl-b-D- 
ribose (lO.lg, 20 mmol) was added and the reaction mixture was cooled to 
OOC. To the above stirred solution, trimethylsilyl trifluoromethanesulfonate 
(4.35 mL, 24 mmol) was added dropwise and the reaction mixture was stirred 

25 for 1,5 h at OOC and then 1h at room temperature. After that the reaction 
mixture was diluted with dichloromethane washed with saturated sodium 
bicarbonate and brine. The organic layer was evaporated and the residue 
was purified by flash chromatography on silica gel with ethylacetate-hexane 
(2:1) mixture as an eluent to give 9.5g (83%) of the compound 2 and O.Bg of 

30 the corresponding NVN^-bis-derivative. 

To the cooled (-lOOQ) solution of the compound (4.2g, 7.36 mmol) in the 
mixture of pyridine (60 mL) and methanol (10 mL) ice-cooled 2M aqueous 
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solution of sodium hydroxide (16 mL) was added with constant stirring. The 
reaction mixture was stirred at -10'C for additional 30 minutes and then 
neutralized to pH 7 with Dowex 50 (Py+). The resin was filtered off and 
washed with a 200 mL mixture of H2O - Pyridine (4:1). The combined "mother 
5 liquor" and the washings were evaporated to dryness and dried by multiple 
coevaporation with dry pyridine. The residue was redissolved in dry pyridine 
and then mixed with dimethoxytrltyl chloride (2.99g, 8.03 mmol). The reaction 
mixture was left overnight at room temperature. Reaction was-quenched with 
methanol (25 mL) and the mixture was evaporated. The residue was 
10 dissolved in dichloromethane, washed with saturated aqueous sodium 
bicarbonate and brine. The organic layer was dried over sodium sulfate and 
evaporated. The residue was purified by flash chromatography on silica gel 
using linear gradient of MeOH (2% to 5%) in CH2CI2 as eluent to give 3.4g 
(83%) of the compound 6. 

15 Ejgample 17: Synthesi s of 6-methvl-cvtidine ohosphoramiditP 

Triethylamine (13.4 ml, 100 mmol) was added dropwise to a stirred ice- 
cooled mixture of 1 .2.4-triazole (6.22g, 90 mmol) and phosphorous 
oxychloride (1.89 ml, 20 mmol) in 50 ml of anhydrous acetonitrile. To the 
resulting suspension the solution of 2',3'.5'-tri-0-Ben2oyl-6-methyl uridine 

20 (5.7g. 10 mmol) In 30 ml of acetonitrile was added dropwise and the reaction 
mixture was stirred for 4 hours at room temperature. Then It was concentrated 
in vacuo to minimal volume (not to dryness). The residue was dissolved in 
chloroform and washed with water, saturated aq sodium bicarbonate and 
brine. The organic layer was dried over sodium sulfate and the solvent was 

25 removed in vacuo. The residue was dissolved in 100 ml of 1,4-dioxane and 
treated with 50 mL of 29% aq NH4OH overnight. The solvents were removed 
in vacuo. The residue was dissolved in the in the mixture of pyridine (60 mL) 
and methanol (10 mL), cooled to -ISOC and ice-cooled 2M aq solution of 
sodium hydroxide was added under stirring. The reaction mixture was stirred 

30 at -10 to -150c for additional 30 minutes and then neutralized to pH 7 with 
Dowex 50 (Py+). The resin was filtered off and washed with 200. mL of the 
mixture H2O - Py (4:1). The combined mother liquor and washings were 
evaporated to dryness. The residue was crystallized from aq methanol to give 
1.6g (62%) of 6-methyl cytidine. 
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To the solution of 6-methyl cytidine (1 .4g. 5.44 mmol) in dry pyridine 3 1 1 
mL of tnmethylchlorosilane was added and the reaction mixture was stirred for 
2 hours at room temperature. Then acetic anhydride (0.51 mL. 5 44 mmol) 
was added and the reaction mixture was stirred for additional 3 hours at room 
temperature. TLC showed disappearance of the starting material and the 
reaction was quenched with MeOH (20 mL). ice-cooled and treated with water 
(20 mL. 1 hour). The solvents wee removed in vacuo and the residue was 
dned by four coevaporatlons with dry pyridine. Finally it was redissolved in 
dry pyndine and dimethoxytrityl chloride (2.2 g. 6.52 mmol) was added The 
reaction mixture was stirred ovemight at room temperature and quenched with 
MeOH (20 mL). The solvents were remdved in vacuo. The remaining oil was 
dissolved in methylene chloride, washed with saturated sodium bicarbonate 
and brine. The organic layer was separated and evaporated and the residue 
was purified by flash chromatography on silica gel with the gradient of MeOH 
in methylene chloride (3% to 5%) to give 2.4 g (74%) of the compound (4 ). 

Example 18: Svnthasi.. nf and fi-aTa-ry tiHino 

To the solution of S-aza uridine (5g, 20.39 mmol) in dry pyridine 
dimethoxytrityl chloride (8.29g. 24.47 mmol) was added and the reaction 
mixture was left ovemight at room temperature. Tlien it was quenched with 
methanol (50 mL) and the solvents were removed in vacuo. The remaining oil 
was dissolved in methylene chloride and washed with saturated aq sodium 
bicarbonate and brine. The organic layer was separated and evaporated to 
dryness. The residue was additionally dried by multiple coevaporations with 
dry pyridine and finally dissolved in dry pyridine. Acetic anhydride (4.43 mL. 
46.7 mmol) was added to the above solution and the reaction mixture was lefi 
for 3 hours at room temperature. Then it was quenched with methanol and 
worl<ed-up as above. The residue was purified by flash chromatography on 
silics gel using mixture of 2% of MeOH in methylene chloride as an eluent to 
give 9.6g (75%) of the compound. 

Triethylamine (23.7 ml. 170.4 mmol) was added dropwise to a stirred ice- 
cooled mixture of 1.2.4-triazole (10.6g. 153.36 mmol) and phosphorous 
oxychloride (3.22 ml. 34.08 mmol) in 100 ml of anhydrous acetonitrile. To the 
resulting suspension the solution of 2'.3--di-0-Acety|.5'-0-Dimethoxytrityl-6- 
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aza Uridine (7.13g, 11.36 mmol) in 40 ml of acetonitriie was added dropwise 
and the reaction mixture was stirred for 6 hours at room temperature. Then it 
was concentrated in vacuo to minimal volume (not to dfyness). The residue 
was dissolved in chloroform and washed with water, saturated aq sodium 
bicarbonate and brine. The organic layer was dried over sodium sulfate and 
the solvent was removed In vacuo. The residue was dissolved in 150 ml of 
1.4-dioxane and treated with 50 mL of 29% aq NH4OH for 20 hours at room 
temperature. The solvents were removed in vacuo. The residue was purified 
by flash chromatigraphy on silica gel using linear gradient of MeOH (4% to 
10%) in methylene chloride as an eluent to give 3.1g (50%) of azacytidine. 

To the stirred solution of 5'-0-Dimethoxytrityl-6-aza cytidine (3g, 5.53 
mmol) in anhydrous pyridine trimethyichloro silane (2.41 mL. 19 mmol) was 
added and the reaction mixture was left for 4 hours at room temperature. Then 
acetic anhydride (0.63 mL. 6.64 mmol) was added and the reaction mixture 

15 was stirred for additional 3 hours at room temperature. After that it was 
quenched with MeOH (15 mL) and the solvents were removed in vacuo. The 
residue was treated with 1M solution of tetrabutylammonium fluoride in THF 
(20°, 30 min) and evaporated to dryness.. The remaining oil was dissolved in 
methylene chloride, washed with saturated aq sodium bicarbonate and water. 

20 The separated organic layer was dried over sodium sulfate and evaporated to 
dryness. The residue was purified by flash chromatography on silica gel using 
4% MeOH in methylene chloride as an eluent to give 2.9g (89.8%) of the 
compound. 

General Procedure for the Introducing of the TBDMS-Group: To the 
25 stirred solution of the protected nucleoside in 50 mL of diy THF and pyridine (4 
eq) AgNOa (2.4 eq) was added. After 10 minutes tert-butyidimethylsilyl 
chloride (1.5 eq) was added and the reaction mixture was stirred at room 
temperature for 12 hours. The resulted suspension was filtered into 100 mL of 
5% aq NaHCOa, The solution was extracted with dichioromethane (2x100 

30 mL). The combined organic layer was washed with brine, dried over Na2S04 
and evaporated. The residue was purified by flash chromatography on silica 
gel with hexanes-ethylacetate (3:2) mixture as eluent. 
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General Procedure for Phospfiitylation: To the ice-cooled stirred 
solution of protected nucleoside (1 mmol) in dry dichloromethane (20 mL) 
under argon blanket was added dropwise via syringe the premlxed solution of 
N.N-d..sopropylethylamine (2.5eq) and 2-cyanoethyI N'N- 
5 dnsopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL) 
Simultaneously via another syringe N-methylimidazole (1 eq) was added and 
stirring was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 15 ml of drymethanol After 
5 mm stirring, the mixture was concentrated In vacuo (<40OC) and purified by 
10 flash chromatography on silica gel using hexanes-ethylacetate mixture 
contained A% triethylamine as an eluent to give corresponding 
phosphoroamidlte as white foam. 

a^amplg 19: RNA cipavqqe activity o f HH A rihory mo ch ^titutftri with r. 
methvl-Uridin<n 

15 Hammerhead ribozymes targeted to site A (see Fig 31) were 

synthesized using solid-phase synthesis, as described above. U4 position 
was modified with 6-methyl-uridjne. 

RNA deavaqft gssav in vifn p- 

Substrate RNA is S" end-labeled using [7^32pj atp and T4 polynucleotide 
20 kinase (US Biochemicals). Cleavage reactions were carried out under ribozyme 
excess" conditions. Trace amount (< 1 nM) of 5" end-labeled substrate and 40 nM 
unlabeled ribozyme are denatured and renatured separately by heating to 90»C 
for 2 m,n and snap-cooling on ice for 10-15 min. The ribozyme and substrate are 

25 TndTo' M mT'^'^L"' '"'^ " ''"^^^ 50 mM Tris-HCI 

and 10 mM MgClg. The reaction is Initiated by mixing the ribozyme and substrate 
solutions and Incubating at 37'C. Aliquots of 5 jxl are taken at regular intervals of 
time and the reaction is quenched by mixing with equal volume of 2X fomiamide 
stop m.x. The samples are resolved on 20 % denaturing polyacrylamide gels 

me results are quantified and percentage of target RNA cleaved is plotted as a 
30 function of time. 



Referring to Fig. 32. hammerhead ribozymes containing 6-methyl-uridine 
modification at U4 position cleave the target RNA efficiently. 
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Example 20; RNA cleavaoe activity of H^R nhn ^ vmf* suh g^ityt''^ ^""'^ f 
methvl-UridinQ 

Hammerhead ribozymes targeted to site B (see Fig. 33) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
5 modified with 6-methyl-uridine. 

RNA cleavage reactions were carried out as described above. Referring to 
Fig. 34, hammerhead ribozymes containing 6-methyl-uridine -modification at U4 
and U7 positions cleave the target RNA efficiently. 

Example 21 : RNA cleavage activit y of HHn rihnyyme sub.stitiitftri u/i^ h n. 
10 methvl-Uridine 

Hammerhead ribozymes targeted to site C (see Fig. 35) were synthesized 
using solid-phase synthesis, as described above. U4 and U7 positions were 
modified with 6-methyl-uridine. 

RNA cleavage reactions were carried out as described above. Referring to 
15 Fig. 36. hammerhead ribozymes containing 6-methyl-uridine modification at U4 
positions cleave the target RNA efficiently. 

Sequences listed in Figure 23. 31. 33. 35. and others and the modifications 
described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions. 
20 mutations, chemical modifications) of the ribozyme and RNA containing other 2'- 
hydroxyl group modifications, including but not limited to amino acids, peptides 
and cholesterol, can be readily generated using techniques known in the art. and 
are within the scope of the present invention. 

EXampIg 22: inhibition of Rat smooth muscla rp ll oroliferatlnn bv S-methyl-l .; 
25 substituted ribozyma HHA 

Hammerhead ribozyme (HHA) is targeted to a unique site (site A) within c- 
myb mRNA. Expression of c-myb protein has been shown to be essential for the 
proliferation of rat smooth muscle cell (Brown et al., 1992 J. Biol. Chem 267 
4625). 
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The nbozymes that cleaved site A within c-myb RNA described above were 
assayed for their effect on smooth muscle cell proliferation. Rat vascular smooth 
muscle cells were isolated and cultured as described (Stinchcomb etal., supra) 
HHA ribozymes were complexed with lipids and delivered into rat smooth muscle 
5 cells. Semm-stan/ed cells were stimulated as described by Stinchcomb et al.. 
supra. Briefly, serum-starved smooth muscle cells were washed twice with PBS, 
and the RNA/iipid complex was added. The plates were incubated for 4 hours at 
37°C. The medium was then removed and DMEM containing 1Q% FBS, additives 
and 10 nM bromodeoxyuridine (BrdU) was added. In some wells. FBS was 
10 omitted to determine the baseline of unstimulated proliferation. The plates were 
incubated at 37-C for 20-24 hours, fixed with 0.3% H2O2 in 100% methanol, and 
stained for BrdU incorporation by standard methods. In this procedure, cells that 
have proliferated and incorporated BrdU stain brown; non-proliferating cells are 
counter-stained a light purple. Both BrdU positive and BrdU negative cells were 
counted under the microscope. 300-600 total cells per well were counted. In the 
following experiments, the percentage of the total cells that have incorporated 
BrdU (% cell proliferation) is presented. Errors represent the range of duplicate 
wells. Percent inhibition then is calculated from the % cell proliferation values as 
follows: % inhibition =100- 100 (Ribozyme - 0% serum)/(Control - 0% senjm). 

Referring to Figure 37. active ribozymes substituted with 6-methyl-U at 
position 4 of HHA were successful in inhibiting rat smooth muscle cell proliferation. 
A catalytically inactive ribozyme (inactive HHA). which has tv/o base substitutions 
within the core (these mutations inactivate a hammerhead ribozyme; Stinchcomb 
etaL, supra), does not significantly inhiWt rat smooth muscle cell proliferation. 

25 Example 23: Inhibition of stromelvsin prodnrtinn }^ hll H 'an !^r}^,i^\ fit >rff'?|fl^! 
cells bv fi-m^th^Yi-i j substituted ribo?vme H^q 

Hammerhead ribozyme (HHC) is targeted to a unique site (site C) within 
strometysin mRNA. 

The general assay was as described (Draper et aL supra). Briefly. 
30 fibroblasts, which produce stromelysin, are serum-starved overnight and 
ribozymes or controls are offered to the cells the next day. Cells were 
maintained in serum-free media. The ribozyme were applied to the cells as 
free ribozyme, or in association with various delivery vehicles such as cationic 
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l.pids (including TransfectamTM, Lipofectin^M LipofectamitieTM) 
conventional liposomes, non-phospholipid liposomes or biodegradable 
polymers. At the time of ribozyme addition, or up to 3 hours later, Interleukin- 
1a (typically 20 units/ml) can be added to the cells to induce a large increase 
in stromelysin expression. The production of stromelysin can then be 
monitored over a time course, usually up to 24 hours. 

Supematants were harvested 16 hours after IL-1 induction and assayed 
for stromelysin expression by ELISA. Polyclonal antibody against Matrix 
Metalloproteinase 3 (Biogenesis. NH) was used as the detecting antibody and 
anti-stromelysin monoclonal antibody was used as the capturing antibody 
the sandwich ELISA (Maniatis et al., supra) to measure stromelys 
expression. 



in 
in 



Referring to Figure 38. HHC ribozyme containing 6-methyl-U 
modification, caused a significant reduction in the level of stromelysin protein 
production. Catalytically inactive HHC had no significant effect on the protein 
level. 

gygmpl? 24: .Synthesis of p vridin-2(4) - one nucleosirip ■T-phosohnr;.miHif>.c 

Sgngral procedure for the nrpp;ir« t ion of 1WP S-tri.Q.hPnrnyi.p .n- 
ribofuranosyl).p(d) .Dvridonfls ^3) and (?) 

Referring to Figure 39, 2- or 4-hydroxypyridine (1) or (8) (2.09 g, 22 
mmol). 1-0-acetyl-2.3.5-tri-0-benzoyl-fi-D.ribofuranose (2) (10.08 g. 20 mmol) 
and BSA (5.5 ml, 22 mmol) were dissolved in dry acetonitrile (100 ml) under 
argon at 70'C (oil bath) and the mixture stirred for 10 min. Trimethylsilyl 
tnfluoromethanesulfonate (Tf^STfl) ( 5.5 ml. 28.5 mmol) was added and the 
25 mixture was stirred for an additional hour for 1 or four hours for 8. The mixture 
was then cooled to room temperature (RT) followed by dilution, with CHCI3 
(200 ml), and extraction, with sat. aq. NaHCOa solution. The organic layer 

was washed with brine, dried (Na2S04) and evaporated to dryness in vacuo 
The residue was chromatographed on the column of silica gel; 1-5% gradient 
of methanol in dichloromethane was used for purification of 3 (987o yield) and 
2-10% gradient of methanol in dichloromethane for purification of 9 (84% 
yield). 
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1-rB-D-Ribofura nosvl).9M)-pvridones /4) an^^ f^O ) 

3 or 9 (18 mmol) was dissolved in 0.3M NaOCHa (150 mi) and the 
solution was stirred at RT for 1 hour. The mixture was then neutralized, with 
Dowex 50WX8 (Py+). the ion-exchanger was filtered off and the filtrate was 

5 concentrated to a syrup in vacuo. The residue was dissolved in water (1 00 ml) 
and the solution was washed with chloroform (2 x 50 ml) and ether (2 x50 ml). 
The aqueous layer was evaporated to dryness and the residue was then 
crystallized from ethyl acetate (3.9 g, 91% 4; Niedballa et al.. Nucleic Acid 
Chemistry, Part 1, Townsend, L.B. and Tipson. R.S.. Ed.; J. Wiley & Sons, Inc.; 
10 New York, 1978, p 481-484); 10 (Niedballa and Vorbruggen. J. Org. Chem. 
1974, 39. 3668-3671) was crystallized from ethanol (3.6 g. 84%). 

1-f2-0-TBDM.qi.,'^.<p.DMT.fl-D-ri bofuranQsyl).?(4^DvridQnfi.<^ 

4 or 10 was 5'-0-dimethoxytritylated according to the standard 
procedure (see Oligonucleotide Synthesis: A Practical Approach, M.J. Gait 
Ed.; IRL Press, Oxford. 1984. p 27) to yield 5 in 76% yield and pyridin-4-one 
derivative in 67% yield in the form of yellowish foams after silica gel column 
chromatography (0.5-10% gradient of methanol in dichloromethane). These 
compounds were treated with f-butyldimethylsilyl chloride under the conditions 
described by Hakimelahi etal.. Can. J. Chem. 1982, 60, 1106-1113, and the 
reaction mixtures were purified by the silica gel column chromatography (20- 
50% gradient of ethyl acetate in hexanes) to enable faster moving 2'-0- 
TBDMSi isomers (68.5% and 55%, respectively) as colorless foams. 

1 •f2-Of-ButVldlmftthvlsiM-5-0.dim QthQxvtritvl..'q.0.f2.cvanQfithx/l. A/ A/. 
dilSODrODVlDhosDhoramidit flT.2f4^-Dvridnnes ^7^ and (^^\ 

25 1-(2-0-TBDf^S.5-0-DMT-p-D-ribofuranosyl)-2(4).pyridones were 

phosphityiated under conditions described by TuschI etal.. Biochemistry 1993. 
32, 11658-11668, and the products were isolated by silica gel column 
chromatography using 15-50% gradient of ethyl acetate in hexanes (i% EtgN) for 
7 (89% yield) and dichloromethane (1% EtaN) for 11 (94% yield). 

30 Phosphoramidites 7 and 11 were incorporated into ribozymes and 

substrates using the method of synthesis, deprotection, purification and testing 
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previously described (Wincott et ai, 1995 supra). The average stepwise 
coupling yields were -98 %. 

Exgmple 25: Synthesis of 2•O^^R ^tvldimftthvlsilv|.5.0udimflthoxvtrit^/l■r^■n■fo. 
CVanoethvl-A/.A/-diisopropvlphn sDhQramiriH^W1.dQQxv.i-phenvl-p-p- 
5 ribofuranose IB\ DhQ,^ph oramiditq g 

5-C)-r-BUtVldiDhenvlsilvl-2.3.Q.isop roov||dflnft.1.rieoxv-1.nhpny|.ft.p. 
ribofuranose ^3) 

Referring to Figure 40. compound 3 was prepared using the procedure 
analogous to that described by Czemecki and Ville. J. Org. Chem. 1989, 54, 610- 
612. Contrary to their result, we succeeded in obtaining the title compound, by 
using the more acid resistant f-butyldiphenylsilyl group for S-Oprotection. instead 
of f-butyldimethylsilyl. 

1 -Deoxv-1-ph envl-B-D-ribofuranose (5) 

Compound 3 (1 g. 2.05 mmol) was dissolved in THF (20 ml) and the solution 
1 5 was mixed with 1 M TBAF in THF (3 ml. 3 mmol). The reaction mixture was stirred 
at RT for 30 min followed by evaporation into a syrup. The residue was applied on 
to a silica gel column and eluted with hexanes followed by 5-70% gradient of 
ethyl acetate in hexanes. The 5-O-desilylated product was obtained as a coloriess 
foam (0.62 g. 88% yield). This material was dissolved in 70% acetic acid and 
20 heated at 100«C (oil bath) for 30 min. Evaporation to dryness under reduced 
pressure and crystallization of the residual syrup from toluene resulted in 5 (0.49 
g. 94% yield), mp 120-121 *C. 

2-0-f-ButVldimethvlsilv|.5-Q.dimflthn xvtritvl.1 .riflnvy.l .ohflnvl.p.n. 
ribofuranQ.sfl (7) 

Compound S (770 mg. 3.66 mmol) was 5-O-dimethoxytritylated according to 
the standard procedure (Oligonucleotide Synthesis: A Practical Approach, M.J. 
Gait Ed.: IRL Press, Oxford, 1984, p 27) to yield 1.4 g (75% yield) of 5-0- 
dimethoxytrityl derivative as a yellowish foam, following silica gel column 
chromatography (0.5-2% gradient of methanol in dichloromethane). This material 
was treated with /-butyldimethylsilyl chloride under the conditions described by 
Hakimelahi et ai. Can. J. Chem. 1982. 60, 1106-1113. and the reaction mixture 
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was purified by silica gel column chromatography (2-10% gradient of ethyl 
acetate in hexanes) to afford a slower moving 2'-0-TBDMSi isomer 7 (0.6 g, 35% 
yield) as a colorless foam. The faster migrating 3'-0-TBDMSi isomer 6 was also 
isolated (0.55 g, 32% yield). 

5 2-C?-f-gutYl dim9thvlsilvl-5-O-dimethoxYtritvl-3-n^^p.ryan09thvl.A/ ,/\/- 
diig<?pr'?PYlPhosphoramidite)-1-dGoxv.i.nhflnyi .B.D.rihnfiir;^n r?ft fft) 

Compound 7 (0.87 g. 1.39 mmol) was phosphitylated under conditions 
described by TuschI et al.. supra and the product was isolated by silica gel 
column chromatography using 0.5% ethyl acetate in toluene (1% EtsN) for elution 
10 (0.85 g, 74% yield). 

Example 2g: Synthesis of pseudouridine .'^ -methvlnririine and p 
trimethoxv benzene nucleoside ohosphoramirtitflg 

Starting with a pseudo uridine. 3-methyluridine or 2.4,6-trimethoxy benzene 
nucleoside (Gasparutto et ai, Nucleic Acid Res. 1992 20. 5159-5166; Kalvoda 
1 5 and FarKas, Nucleic Acid Chemistry, Part 1 , Townsend. L.B. and Tipson. R.S.. Ed.- 
J. Wil; ; Sons, Inc.; New York. 1978, p 481-484). phosphoramidit'es can be 
prepared by standard protocols described below (Figure 41). 

General Procedure for the Introducing of the TBDI^S-Group: To the stirred 
solution of the protected nucleoside in 50 mL of dry THF and pyridine (4 eq) 
AgNOa (2.4 eq) was added. After 10 minutes tert-butyldimethylsilyl chloride (1.5 
eq) was added and the reaction mixture was stirred at room temperature for 12 
hours. The resulted suspension was filtered into 100 mL of 5% aq NaHCOs. The 
solution was extracted with dichloromethane (2x100 mL). The combined organic 
layer was washed with brine, dried over Na2S04 and evaporated. The residue 
25 was purified by flash chromatography on silica gel with hexanes-ethylacetate (3:2) 
mixture as eluent. 

General Procedure for Phosphitylation: To the ice-cooled stirred solution of 

protected nucleoside (1 mmol) in dry dichloromethane (20 mL) under argon 
blanket was added dropwise via syringe the premixed solution of N.N- 
30 diisopropylethylamine (2.5eq) and 2-cyanoethyl N'N- 
diisopropylchlorophosphoramidite (1.2 eq) in dichloromethane (3 mL). 
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Simultaneously via another syringe N-methylimldazole (1 eq) was added and 
stirring was continued for 2 hours at room temperature. After that the reaction 
mixture was again ice-cooled and quenched with 15 ml of dry methanol. After 5 
min stirring, the mixture was concentrated In vacuo (<40OC) and purified by flash 
chromatography on silica gel using hexanes-ethylacetate mixture contained 1% 
triethyiamine as an eluent to give corresponding phosphoroamldite as white 
foam. 

Pseudouridlne. 3-methyluridine or 2.4.6.trimethoxy benzene 
phosphoramidites were incorporated into ribozymes using solid phase synthesis 
as described by Wincott ef a/., 1995 supra. The ribozymes were deprotected using 
the standard protocol described above with the exception of ribozymes with 
pseudouridlne. Pseudouridine-modified ribozymes were deprotected first by 
incubation at room temperature, instead of at 55»C. for 24 hours in a mixture o< 
ethanolic ammonia (3:1). 

Example 27: Synthesis of dihvdrnnridine ohosp h oramidit<> « ^ 

Referring to Figure 42. dihydrouridine phosphoramidite was synthesized 
based on the method described in Chaix et al., 1989 Nucleic Acid Res. 17. 7381- 
7393 with certain improvements: 

i. Uridine (1; lOg, 41mmoles) was dissolved in 200 ml distilled water and to 
20 the solution 2g of Rh (10% on alumina) was added. The slurry was brought to 60 

psi of hydrogen, and hydrogenation was continued for IShrs. Reaction was 
monitored by disappearance of UV absorbing material. All of starting material was 
converted to dihdrouridine (DHU) and tetrahydrouridine (2:1 based on NMR). 
Tetrahydrouridine was not removed at this step. 

ii. Dihydrouridine (2; lOg. 41mmoles) was dissolved in 400ml dry pyridine; 
dimethylaminopyridine (0.244g.2mmoles). triethyiamine (7.93ml. 56mmoles). and 
dimethoxytrityichloride (16.3g, 48mmoles) were added and stirred under argon 

overnight. The reaction was quenched with 50ml methanol, extracted with 40Omi 
5% sodium bicarbonate, and then 400ml brine. The organic phase was dried over 
sodium sulphate, filtered, and then dried to a foam. 5'-DMT-DHU (3) was purified 
by silica gel chromatography (dichloromethane with 0.5-5% gradient of methanol; 
final yield = 9g; 16.4mmoles). 
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Hi. 5'«DMT-DHU (3; 9.0g, 16.4mmoles) was dissolved in 150ml dry THF. 
Pyridine (4.9ml. 60mmotes) and silver nitrate (3.35g, 19.7mmoles) were added at 
room temperature and stirred under argon for lOmin., then tert.- 
butyldimethylsilylchloride (tBDMS-CI; S.Og, 19.7mmoles) was added and the slurry 
5 was stirred under argon overnight. The reaction was filtered over celite into 500ml 
aqueous 5% sodium bicarbonate and then extracted with 200ml chloroform. The 
organic phase was washed with 250ml brine, dried over sodium sulfate, and then 
evaporated to a yellow foam. 2'-tBDMS. 5'-DMT-DHU (5) was purified by silica gel 
chromatography away from the 3*-tBDMS, 5'-DMT-DHU (4) (hexanes with 10-50% 
10 gradient ether; final yield = 5.1g; 7.7mmoles). dried over sodium sulfate, filtered, 
and then dried to a white powder. The product was kept under high vacuum for 
48hrs. 

iv. 5*-DMT. 2*-tBDMS-DHU (5; 2. lOg, 3.1 7mmoles) was dissolved in 40mi 
anhydrous dichloromethane. NN-dimethylaminopyridine (2,21ml, 12.7mmoles), N- 

15 methylimidizole (1.27mi. 1.59mmoles), and chloro-diisopropyl- 
cyanoethylphosphoramidite {1.2ml. 5.22mmoles) were added and the reaction 
was stirred under arr >n for 3hrs. The reaction was quenched with 4ml anhydrous 
methanol and then >- 'aporated to an oil. Final product (6) was purified by silica 
gel chromatography (dichloromethane with 0-1% ethanol; 1% triethylamine; final 

20 yield = 2.2c;; 2.5mmoles). 

The dihydrouridine was incorporated into ribozymes using solid phase 
synthesis as described by Wincott et aL, 1995 supra, with improvements- 
nuceloside-oxalyl-polystyrene derivatized support (Alul et. ai Nucleic Acids Res .. 
1991, 19. 1527-1532) was used. The ribozyme containing the dihydrouridine 
25 substitution was deprotected using 30% methyl amine in anhydrous ethanol for 15 
min. at room temperature and subsequent treatment with fe/t-butyl-ammonium 
fluoride in anhydrous THF for 24 hrs, at room temperature. 

Example 28: Synthesis of 2- 0-NButyldimethvisilyi-5-0-dimethoxvtrityl-.-^-0-/2> 

cvanoethvU/V.A/-diisoDrQOvlDhQSDhQramidite^-%deQ xv-1-naDhthvl-6-D- 
30 ribofuranosQ m phosphoramidites 



1 -Deoxv-1 -naphthyUp-D-ribofuranose t^S 
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Referring to Figure 45. the title compound was synthesized from 
naphthalene 1 and tetra-O-acetyl-p-D-ribofuranose 2 according to the 
procedure of Ohrui etabAgr. Biol. Chem. 1972, 36, 1651-1653. 

2-0^6u^vldimethv^silv^5•0-f^imf. thoxvtritvi-.?.f%f2-cvan9 flth vl.A/ , Ay. 
5 <<iiS9PrOPVlPhOSPhoramidite)-1 -deoxv-1 . naphthvl.p.n.ribofuranose (J) 

7 was synthesized in three steps from 4: a) S'-O-dimethoxytritylation using 
4.4'-dimethoxytrityl triflate . followed by chromatographic separation of a and p 
anomer. respectively; b) 2'-0-silylation was carried out as described by 
Hakimelahl et aL. 1982 supra (32% yield); c) 3"-0-phosphitylation was carried 
1 0 out essentially as described by TuschI et ai, 1 993 supra (85% yield). 

This phosphoramidite is incorporated into ribozymes using solid phase 
synthesis as described by Wincott et al., 1995 supra. The ribozyme containing 
naphthyl substitution was deprotected using the standard protocol described 
above. 
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Example 29: vSvnthesis of P- 0-?-ButvldimPthvlsilvl-.S-n.Dimethoxvtritv|.3-0.^9. 
^' ' l Q9thYl-A/ , /V-diisOPropvlnhnsnhoramidite\.i. n eQxv.iWn-Aminooh6nvn.p- 
D-Hibofurangg g phosphnramifjit ftff 

$-0-f-gutVldlPh6nvlsilvl-2.3.n-lsnpr oDvlidene.1.d.»Qxv-1Wn.hrnmoDhenvn.p- 
D-ribQfurannsq (3) 

20 Referring to Figure 46. 3 was prepared from 4-bromo-1-lithiobenzene 

and ^-butyldiphenylsllyl-2,3-0-isopropylidene-D-ribono-1.4-lactone using the 
procedure analogous to that described by Czemecki and Ville. J. Org. Chem. 
1989, 54, 610-612. Contrary to their result, we succeeded in obtaining the 
title compound, by using instead of f-butyldimethylsilyl the more acid resistant 

25 /-butyldiphenylsilyl group for 5-Oprotection. 

5-0-r-ButYldiphftnvhilvl~2.3-0-isonronvlidene.l.riAn x v.1WD.aminftphAnylv|^. 

D-ribofuranosfl (g) 

Compound 3 was amlnated using liquid ammonia and Cul as described 
by Piccirilli et al. Helv. Chirr). >4cfa 1991. 74. 397-406 to give the title 
30 compound in 63% yield. 
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5-C?-f-BgtYldiph9nvlsilvl-?,3-0-isQomnv/iid e n6- 1 -dflnyy i -fp-f M.jp /^i 
aminophenvn.p-n.rihof^. ranose (6) 



5 (1.2 g. 2.88 mmol) in dry pyridine (20 ml) was treated with 
trifluoroacetic anhydride (0.5 ml. 3.6 mmol) for 1 hour at 0 'C. The reaction 
5 mixture was then quenched with methanol <5 ml) and evaporated to a syrup 
The syrup was partitioned between 5% aq. NaHCOg and dichloromethane 
organic layer was dried (Na2S04) and evaporated to dryness under reduced 
pressure. This material was used without further purification in'the next step. 

1 -PWXV-I •fp-fN-TFAiaminonhftny ll.B-D.rihnf.ir^ nnco p ) 

10 The title compound was prepared from 6 in an identical manner as for 

the synthesis of deblocked phenyl analog; (82% overall yield for 5'-0- 
desilylation and the cleavage of 2',3'-0-isopropylidene group). 

3-(?-f-ButYldime thvls ilvl- 5 - 0 -dimethnxvtritv|.3-0./p.rvanoethvl.A/A/- 
dii?opropYlphosphoramlditeVl-denxv-l.fp .rN-TFA1 pminnp h^nyi|.p,p 
15 ribofuranosft MQ) 

Using the same three • sequence as for the phenyl analog, 10 was 
prepared from 7 in 32% overall yield. 

This phosphoramidlte is incorporated into ribozymes using solid phase 
synthesis as described by Wincott et al., 1995 supra. The ribozyme containing 
20 aminophenyl substitution was deprotected using the standard protocol described 
above. 

Exarnple ^O- FINA cleavaoe reactinn.^ ra talvzed hv HH.R substifiitftri wiih 
modified bas^y 

Hammerhead ribozymes targeted to site B (see Fig. 43A) were synthesized 
25 using solid-phase synthesis, as described above. U4 and U7 positions were 
substituted with various base-modifications shown in Figure 43B. 

RNA cleavage reactions were carried out as described above. Referring to 
Fig. 43B. hammeriiead ribozymes containing base modifications at positions 4 or 
7 cleave the target RNA to varying degrees of efficiency. Some of the base 
10 modifications at position 7 appear to enhance the catalytic efficiency of the 
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hammerhead ribozymes compared to a standard base at that position (see Figure 
43B, pyridin-4-one. phenyl and 3-methyl U modifications). 

HH-B ribozymes with either pyridin-4-one or phenyl substitution at position 7 
were further characterized (Rgure 44). It appears that HH-B ribozyme with pyridin- 
5 4-one modification at position 7 cleaves RNA with a 10 fold higher kcat when 
compared to a ribozyme with a U at position 7 (compare Figure 44 A with 44 B). 
HH-B ribozyme with a phenyl group at position 7 cleaves RNA with a 3 fold higher 
kcat when compared to a hammerhead ribozyme with U at position 7 (see Figure 
44C). 

10 Sequences listed in Figure 23. 31. 33. 35. 43 and the modifications 

described in these figures are meant to be non-limiting examples. Those skilled in 
the art will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing other 2'- 
hydroxyl group modifications, including but not limited to amino acids, peptides 

15 and cholesterol, can be readily generated using techniques known in the art. and 
are within the scope of the present invention. 

Sygpipig 2'deoxv-2'-a lkvlnuclaotlrias 

Table D2 Is a summary of specified catalytic parameters (tA and ts) on 
short substrates in vitro, and stabilities of the noted modified catalytic nucleic 
20 acids in human serum. U4 and U7 refer to the uracil bases noted in Figure 1 . 
fwlodifications at the 2'-position are shown in the table. 
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Table D2 

Entry Modification U/2 (m) ti/2 (m) p = ts/tA 

Activity Stability 

(tA) (ts) 



1 U4 & U7 = U 

2 U4 & U7 = 2'.0.|Vle-U 

3 U4 = 2'=CH2-U 

4 U7 = 2'=CH2-U 

5 U4 & U7 = 2'=CH2-U 

6 U4 = 2'=CF2-U 

7 U7 = 2'=CF2-U 

8 U4 & U7 = 2'=CF2-U 

9 U4 = 2'-F-U 

10 U7 = 2'-F-U 

11 U4 & U7 = 2'-F-U 



1 0.1 1 

4 260 ' 650 

6.5 120 180 

8 280 350 

9.5 120 130 

5 320 640 
4 220 550 
20 320 1 60 

4 320 800 

8 • 400 500 

4 300 750 



12 U4 = 2'-C-Allyl-U 

13 U7 = 2'-C-Allyl-U 

14 U4 & U7 = 2*-C-Allyl-U 

15 U4 = 2'-araF-U 

16 U7 = 2'-araF-U 

17 U4 & U7 = 2'-araF-U 

18 U4 = 2'-NH2-U 

19 U7 = 2'-NH2-U 

20 U4 & U7 = 2'-NH2-U 

21 U4 = dU 

22 U4 & U7 = dU 



3 >500 >1700 

3 220 730 

3 120 400 

5 >500 >1000 

4 350 875 
1 5 500 330 

10 500 500 

5 500 1 000 
2 300 1500 

6 100 170 
4 240 600 
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Figure 47 shows base numbering of a hammerhead motif in which the 
numbering of various nucleotides in a hammerhead ribozyme is provided. 
Referring to Figure 47, the preferred sequence of a hammerhead ribozyme in 
a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
5 withJCGAAA. In this invention, the use of 2'-C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in -Figure 48 are 
possible, and were indeed synthesized, the basic structure composed of 
10 primarily 2'-0-Me nucleotides with selected substitutions was chosen to 
maintain maximal catalytic activity (Yang ef a/, fl/oc/jem/sf/y 1992, 31, 5005- 
5009 and Paolella 9t al. EMBO J. ^992, 11, 1913-1919) and ease of 
synthesis, but is not limiting to this invention. 

Ribozymes from Figure 47 and Table D2 were synthesized and assayed 
15 for catalytic activity and nuclease resistance. With the exception of entries 8 
and 17. all of the modified ribozymes retained at least 1/10 of the wild-type 
catalytic activity. From Table 02, all 2'-modified ribozymes showed very large 
and significant increai . in stability in human seaim (shown) and in the other 
fluids described below (Example 3, data not shown). The order of most 
20 aggressive nuclease activity was fetal bovine semm > human serum > human 
plasma > human synovial fluid. As an overall measure of the effect of these 2'- 
substitutions on stability and activity, a ratio 3 was calculated (Table D2). This 
P value indicated that all modified ribozymes tested had significant, >100 - 
>1700 fold, increases in overall stability and activity. These increases in (} 
25 indicate that the lifetime of these modified ribozymes in vivo are significantly 
increased which should lead to a more pronounced biological effect. 

More general substitutions of the 2'-modified nucleotides from Figure 48 
also increased the ti/2 of the resulting modified ribozymes. However the 
catalytic activity of these ribozymes was decreased > 10-fold. 

30 In Figure 53 compound 37 may be used as a general intermediate to 

prepare derivatized 2'-C-alkyl phosphoramidites, where X is CH3. or an alkyl. 
or other group described above. 
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The following are other non-limiting examples showing the synthesis of 
nucleic acids using 2*-C-alkyl substituted phosphoramidites, the syntheses of 
the amidites, their testing for enzymatic activity and nuclease resistance. 
These examples are diagrammed in Figs 48-54. 

5 Example 32: Synthesis of Hammerhead Ribozvmes Containing 2'-DeQxy>g'- 
Alkvlnucleotides & Other 2'-Modified Nucleotide*; 

The method of synthesis used generally follows the procedure for normal 
RNA synthesis as described in Usman,N.; Ogilvie,K.K.; Jiang, M.-Y.; 
Cedergren.R.J. J, Am, Chem. Soc. 1987, 109, 7845-7854 and in 
10 Scaringe.S.A.; Franklyn.C; Usman,N. Nucleic Acids Res. 1990. 16, 5433- 
5441 and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5*-end, and phosphoramidites at the 3'-end 
(compounds 10, 12, 17. 22, 31, 18. 26. 32. 36 and 38). Other 2*-modified 
phosphoramidites were prepared according to: 3 & 4. Eckstein et aL 
15 International Publication No. WO 92/07065; and 5 Kois et aL Nucleosides & 
Nucleotides 1993, 12, 1093-1109. The average stepwise coupling yields 
were -98%. The 2'-substituted phosphoramidite^ wore incorporated into 
hammerhead ribozymes as shown in Figure 5. However, these 2'-alky( 
substituted phosphoramidites may be incorporated not only into hammerhead 
20 ribozymes, but also into hairpin, hepatitis delta virus. Group I or Group II intron 
catalytic nucleic acids, or into antisense oligonucleotides. They are, therefore, 
of general use in any nucleic acid structure. 

Example 33: RlboTyme Activity Assay 

Purified 5 -end labeled RNA substrates (15-25-mers) and purified 5 -end 
labeled ribozymes (-36-mers) were both heated to 95 ^C, quenched on ice 
and equilibrated at 37 ^'C. separately. Ribozyme stock solutions were 1 mM. 
200 nM, 40 nM or 8 nM and the final substrate RNA concentrations were - 1 
nM. Total reaction volumes were 50 mL. The assay buffer was 50 mM Tris-CI. 
pH 7.5 and 10 mM MgCl2. Reactions were initiated by mixing substrate and 
ribozyme solutions at t = 0. Aliquots of 5 mL were removed at lime points of 1 , 
5, 15, 30, 60 and 120 m. Each time point was quenched in formamide loading 
buffer and loaded onto a 15% denaturing polyacrylamide gel for analysis. 



25 



30 
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Quantitative analyses were performed using a phosphorimager (Molecular 
Dynamics). 

Example 34: StSt^iiity A^^py 

500 pmol of gel-purified 5*-end-labeled ribozymes were precipitated in 
ethanol and pelleted by centrifugation. Each pellet was resuspended in 20 
mL of appropriate fluid (human serum, human plasma, human synovial fluid or 
fetal bovine serum) by vortexing for 20 s at room temperature.' The samples 
were placed into a 37 X incubator and 2 mL aiiquots were withdrawn after 
incubation for 0. 15. 30. 45. 60. 120. 240 and 480 m. Aiiquots were added to 
20 mL of a solution containing 95% formamide and 0.5X TBE (50 mM Tris 50 
mM borate. 1 mM EDTA) to quench further nuclease activity and the samples 
were frozen until loading onto gels. Ribozymes were size-fractionated by 
electrophoresis in 20% acrylamide/8M urea gels. The amount of intact 
nbozyme at each time point was quantified by scanning the bands with a 
phosphorimager (Molecular Dynamics) and the half-life of each ribozyme in 
the fluids was determined by plotting the percent intact ribozyme vs the time of 
incubation and extrapolation from th.; graph. 

Example 35: 3- , 5--0-fTqtrai$Opropv|.di.siloxane.1 3.Hiyi) . 2-.O.Phftn»yyfhin. 
carbonvi-^Jrif^infl (/) 

To a stirred solution of 3*.5'-C>(tetraisopropyl-disiloxane-1.3-diyl)-uridine. 
6, (15,1 g. 31 mmol. synthesized according to Nucleic Acid Chemistry, ed. 
Leroy Townsend. 1986 pp. 229-231) and dimethylaminopyridine (7.57 g. 62 
mmol) a solution of phenylchlorothionoformate (5.15 mL, 37.2 mmol) in So'mL 
of acetonitrile was added dropwise and the reaction stirred for 8 h. TLC 
(EtOAc:hexanes / 1:1) showed disappearance of the starting material. The 
reaction mixture was evaporated, the residue dissolved in chloroform, washed 
witli water and brine, the organic layer was dried over sodium sulfate, filtered 
and evaporated to dryness. The residue was purified by flash 
chromatography on silica gel with EtOAc:hexanes / 2:1 as eiuent to give 16 44 
30 g (85%) of 7. 



25 
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Example 36: 3'.5'>0-rretraisoDroDVl-d}silQxan e-1.3-diyl)-2'-C-Ailyl '^ JHHipo^ 

To a refluxing, under argon, solution of 3\5'-0-(tetraisopropyl-disiloxane- 
1.3-diyl)-2'-0-phenoxythiocarbonyl-uridine, 7, (5 g. 8.03 mmol) and 
allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide (0.5 g) 
5 was added portionwise during 1 h. The resulting mixture was allowed to reflux 
under argon for an additional 7-8 h. The reaction was then evaporated and 
the product 8 purified by flash chromatography on silica gel with 
EtOAcrhexanes / 1 :3 as eluent. Yield 2.82 g (68.7%). 

ExamolQ 37: 5'- 0-DimQthQxvtritvl-2'-C-Allvl-Uridine (9) 

10 A solution of 8 (1.25 g. 2.45 mmol) in 10 mL of dry tetrahydrofuran (THF) 

was treated with a 1 M solution of tetrabutylammoniumfluoride in THF (3.7 mL) 
for 10 m at room temperature. The resulting mixture was evaporated, the 
residue was loaded onto a silica gel column, washed with 1 L of chloroform, 
and the desired deprotected compound was eluted with chloroform:methanol / 

15 9:1. Appropriate fractions were combined, solvents removed by evaporation, 
and the residue was dried by.coevaporation with dry pyridine- The oily 
residue was redissolved in dry pyridine, dimethoxytritylchloridf ;1.2 eq) was 
added and the reaction mixture was left under anhydrous conditions 
overnight. The reaction was quenched with methanol (20 mL). evaporated, 

20 dissolved in chloroform, washed with 5% aq. sodium bicarbonate and brine. 
The organic layer was dried over sodium sulfate and evaporated. The residue 
was purified by flash chromatography on silica gel, EtOAc:hexanes / 1:1 as 
eluent, to give 0.85 g (57%) of 9 as a white foam. 

Example 38: 5'>0-Dimethoxvtrih/l-2'>CAIIvl-Uridln e 3'^r2-Cvannflthvl A/ A/> 
25 diisopropvi phosDhoramidite^ M 0\ 

5*-0-Dimethoxytrityl-2'-C-allyl-uridine (0.64 g. 1.12 mmol) was dissolved 
in dry dichloromethane under dry argon. A/,/V-Diisopropylethylamine (0.39 mL, 
2.24 mmol) was added and the solution was ice-cooled. 2-Cyanoethyl /V,/V-di- 
isopropylchlorophosphoramidite (0.35 mL, 1 .57 mmol) was added dropwise to 
30 the stirred reaction solution and stirring was continued for 2 h at RT. The 
reaction mixture was then ice-cooled and quenched with 12 mL of dry 
methanol. After stirring for 5 m, the mixture was concentrated in vacuo (40 "^C) 
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and purified by flash chromatography on silica gel using a gradient of 10-60% 
EtOAc in hexanes containing 1% triethylamine mixture as eluent. Yield: 0.78 g 
(90%), white foam. 

Exaniple 39: 3\5'-Q-(TetraisoDroDvl-disiln xane.i ■?.riiviV2^C.AIIv|.Ai4 ;A^;^;^ 
5 Cvtidine m\ 

Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 
ice-cooled mixture of 1 .2.4-tria20le (5.66 g. 81.99 mmol) and phosphorous 
oxychloride (0.86 mL. 9.11 mmol) in 50 mL of anhydrous acetonitrile. To the 
resulting suspension a solution of 3'.5'-a(tetraisopropy|.disiloxane-i.3.diyl)- 

10 2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was added 
dropwise and the reaction mixture was stirred for 4 h at room temperature. 
The reaction was concentrated in vacuo to a minimal volume (not to dryness). 
The residue was dissolved in chlorofomi and washed with water, saturated aq. 
sodium bicarbonate and brine. The organic layer was dried over sodium 

15 sulfate and the solvent was removed in vacuo. The resulting foam was 
dissolved in 50 mL of 1.4-dioxane and treated with 29% aq. NH4OH overnight 
at room temperature. TLC (chlorofonn:methanol / 9:1) showed complete 
conversion of the starting material. The so'.yiion was evaporated, dried by 
coevaporation with anhydrous pyridine and acetylated with acetic anhydride 
20 (0.52 mL. 5.46 mmol) in pyridine overnight. The reaction mixture was 
quenched with methanol, evaporated, the residue was dissolved in 
chloroform, washed with sodium bicarbonate and brine. The organic layer 
was dried over sodium sulfate, evaporated to dryness and purified by flash 
chromatography on silica gel (3% MeOH in chloroform). Yield 2.3 g (90%) as 
25 a white foam. 

example 40: 5'-OnimethQxvtrih/l. g'.c.Allvl.yv l .Acetvl.Cvtidinp 

This compound was obtained analogously to the uridine derivative 9 in 
55% yield. 
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Example 41: 5'-0- Dim9thoxvtritvl-2'-Oallvl-/Vl-Acetvl-Cytidine 3W2>nY AnA- 
ethvl /V./V'diisoproDylphosphoramidite) M2) 

2'-0-Dimethoxytrityl-2'-C-allyl-A/4-acetyl cytidine (0.8 g, 1.31 mmol) was 
dissolved in dry dichloromethane under argon. /V,/V-Diisopropylethylamine 
5 (0.46 mL, 2.62 mmol) was added and th6 solution was ice-cooled. 2- 
Cyanoethyl /V,A/-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) was 
added dropwise to a stirred reaction solution and stirring was Qontinued for 2 h 
at room temperature. The reaction mixture was then ice-cooled and quenched 
with 12 mL of dry methanol. After stirring for 5 m, the mixture was 
10 concentrated in vacuo (40 *"€) and purified by flash chromatography on silica 
gel using chlorofonm:ethanol / 98:2 with 2% triethylamine mixture as eluent. 
Yield: 0.91 g (85%). white foam. 

Example 42: 2''Deoxy-2'-Methvlene-Uridine 

2'-Deoxy-2'-methylene-3\5'-0-(tetraisopropyldisjloxane-1.3-diyl)-uridine 
15 14 {Hansske,F.; Madej.D.; Robins. M. J. Tetrahedron 1984, 40, 125 and 
Matsuda.A.; Takenuki.K.; Tanaka.S.; Sasaki,!.; Ueda.T. J. Med. Chem, 19''M, 
34, 812) (2.2 g, 4.55 mmol ) dissolved in THF (20 mL) was treated with i M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on a silica gel column. 
20 2'-Deoxy-2'-methylene-uridine (1.0 g, 3.3 mmol, 72.5%) was eluted with 20% 
MeOH in CH2CI2. 

Example 43: 5'-0-DMT>2'>Deoxv-2'-Methvlene-Uridine M5^ 

2'-Deoxy-2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI in pyridine (10 mL) was added 
25 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 

concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03, water and brine. The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 

30 using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol. 22%). 
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Exampl9 44; 5'-OnMT -2'-D90XV'2'- M oth vlene.Uririino ^ -.(p-rYp^^^th yl A/.M 

diiSODrODVlDhOSDhorarT^i^ito] (IT) 

1-(2'.Deoxy-2'-methylene-5'-0-dim9thoxytrityl-3-D.ribofuranosyl)-uracil 
(0.43 g. 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a round- 
bottom flask under Ar. Dlisopropylethylamine (0.28 mL. 1.6 mmol) was added 
followed by the dropwise addition of 2-cyanoethyl A/,/V-diisopropylchlorophos- 
phoramldite (0.25 mL. I.12 mmol). The reaction mixture was stirred 2 h at RT 
and quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 "Cj. The product (0.3 g, 0.4 mmol. 50%) was purified by 
flash column chromatography over silica gel using a 25-70% EtOAc gradient 
in hexanes, containing 1% triethylamine. as eluant. R, 0.42 (CH2CI2: MeOH / 

E>^ampl$45; ?'-Peovv-?'-Pifluoromethvlftne-3-fi-.nLn-atr^ jsoDrQnvirii...iinv. 
ane-l.3.divl).^;ri^irfo 

2'-Keto.3',5'.0-(tetraisopropyldisiloxane-1.3-diyl)uridine 14 (1.92 g 12 6 
mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in diglyme 
(20 mL). and heated to a bath temperature of 160 X. A v . (60 »C) solution 
of sodium chlorodifiuoroacetate in diglyme (50 mL) was added (dropwise from 
an equilibrating dropping funnel) over a period of -1 h. The resulting mixture 
was further stirred for 2 h and concentrated in vacuo. The residue was 
dissolved in CH2CI2 and chromatographed over silica gel. 2'-Deoxy-2'- 

difluoromethylene-3'.5'-0-(tetraisopropyldisiloxane-1.3.diyl).uridine (3.1 g. 5.9 
mmol. 70%) eluted with 25% hexanes in EtOAc. 

Example 46- ?'-nftoxv.2'.Difiinjr QmethviP,ift .^;ri/tinfl 

25 2'-Deoxy-2'.methylene-3'.5'-0-(tetraisopropyldisiloxane-1.3-diyl).uridine 
(3.1 g. 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M TBAF in THF 
(10 mL) for 20 m and concentrated in vacuo. The residue was triturated with 
petroleum ether and chromatographed on silica gel column. 2'-Deoxy-2'- 
difluoromethylene-uridine (1.1 g. 4.0 mmol. 68%) was eluted with 20% MeOH 

30 in CH2CI2. 



15 
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Example 47: 5'>0-DMT-2^Deoxv>2'-Diflu oromethvlanft-Uridine (16) : 

2*-DGoxy-2'-difluoromethylene-uridine (1.1 g, 4.0 mmol) was dissolved in 
pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) in pyridine (10 
mL) was added dropwise over 15 m. The resulting mixture was stirred at RT 
5 for 12 h and MeOH (2 mL) was added to quench the reaction. The mixture 
was concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCOa. water and brine. The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 
using 40% EtOAcihexanes as eluant to yield 5*-0-DMT-2'-deoxy-2'- 
10 difluoromethylene-uridine 16 (1.05 g, 1.8 mmol, 45%). 

Example 48: 5'-ODMT-2'-Deoxv-2'-DifluQromethvlene-Uridine 
Cvanoethvl A/. A^diisopropvlohosphoramidite^ (18) 

1-(2'-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.577 g. 1 mrriol) dissolved in dry CH2CI2 (15 mL) was placed in a 

1 5 round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) was 
added, followed by the dropwise addition of 2-cyanoethyl /V,A/-diisopropyl- 
chlorophosphoramidite (0.44 mL. 1.4 mmol). The reaction mixture was stirred 
for 2 h at RT and quenched with ethanol (1 mL). After 10 m the mixture 
evaporated to a syrup in vacuo (40 *C), The product (0.404 g, 0.52 mmol. 

20 52%) was purified by flash chromatography over silica gel using 20-50% 
EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 0.48 
(CH2CI2: MeOH/ 15:1). 

Example 49: 2'-Deoxv-2'>Methyl ene-a'.5'>0>fTetraisQDrQDvldisiloxane-1 .3- 
divn-4-A/.Acetyl^YtiriipA 

25 Triethylamine (4.8 mL. 34 mmol) was added to a solution of POCI3 (0.65 

mL, 6.8 mmol) and 1 ,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 mL) at 0 
^'C. A solution of 2*-deoxy-2'-methylene-3',5*-0(tGtraisopropyldisiloxane-1 ,3- 
diyl) uridine 19 (1.65 g. 3.4 mmol) in acetonitrile (20 mL) was added dropwise 
to the above reaction mixture and left to stir at room temperature for 4 h. The 

30 mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and 
washed with 5% NaHCOa (1 x 100 mL). The organic extracts were dried over 
Na2S04 concentrated in vacuo, dissolved in dioxane (10 mL) and aq. 
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ammonia (20 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL) 
Acetic anhydride (3 mL) was added to the residue dissolved in pyridine stirred 
at RT for 4 h and quenched with sat. NaHCOg (5 mL). The mixture was 
concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and washed with 5% 
NaHCOa (1 x 100 mL). The organic extracts were dried over Na2S04 
concentrated in vacuo and the residue chromatographed over silica gel. 2'- 

Deoxy-2'.methylene-3',5'-0-(tetraisopropyldlsiloxane-1.3-diyl)-4-/V-acetyl- 
cytidine 20 (1.3 g. 2.5 mmol, 73%) was eluted with 20% EtOAc in hexanes. 

Example j?0- i-(?'-P«^oxv-?'-M9t hviene-5 '- o . ni methnyN/tritYi.ft .p.nK»>..r^nn 

svl>.4./\/.Aft«^tY!- CvtQsine 2f 

2'-Deoxy-2'-methylene-3',5'.0-(tetraisopropyldisiloxane-1,3-diyl)-4./V- 
acetyl-cytidine 20 (1.3 g. 2.5 mmol) dissolved in THF (20 mL) was treated with 
1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 2"- 
Deoxy-2'-methyiene-4-A/-acetyl-cytidine (0.56 g. 1.99 mmol. 80%) was eluted 
with 10% MeOH in CH2CI2. 2'-Deoxy-2'-methylene-4-/V-acetyl-cytidir.e (0.56 
g. 1.99 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.81 g. 2.4 mmol) in pyridine (10 mL) was added dropwise over 15 m. The 
20 resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was added to 
quench the reaction. The mixture was concentrated in vacuo and the residue 
taken up in CHgCIa (100 mL) and washed with sat. NaHCOa (50 mL), water 
(50 mL) and brine (50 mL). The organic extracts were dried over MgS04. 
concentrated in vacuo and purified over a silica gel column usinj 
25 EtOAcrhexanes / 60:40 as eluant to yield 21 (0.88 g. 1 .5 mmol. 75%). 

Example 51- 1'f?'-nftOyA^?^MflthvlanA.fi'.9.Dimpfh»vyiritYLp .D.rihof..r;.ho. 
?yl)-4-/V-AcetYl-rrVtO<^inft 3'-f2-Cvanoethv|.A/.A/.diisnnrnnwlph Qsohnr^mir<ito^ 

122} 



15 



30 



1-(2'-Deoxy-2'-methylene-5'-0-dlmethoxytrityl-p-D-ribofuranosyl)-4-/\^ 
acetyl-cytosine 21 (0.88 g. 1.5 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 4.5 
mmol) was added, followed by the dropwise addition of 2-cyanoethyl N.N- 
diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The reaction mixture 
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was stirred 2 h at room temperature and quenched with ethanol (1 mL), After 
10 m the mixture evaporated to a syrup in vacuo (40 °C). The product 22 
(0.82 g, 1.04 mmol, 69%) was purified by flash chromatography over silica gel 
using 50-70% EtOAc gradient in hexanes, containing 1% triethylamine, as 
5 eluant. Rf 0.36 (CHaClaiMeOH/ 20:1). 

Example 52: 2'-Deoxy-2'-Difluoromethvlene-3\5''0-(TetraisQDrQpyl 
disiloxane^l , 3-divlV4-A/-Acetvl>Cytidine (24) 

EtaN (6.9 mL. 50 mmol) was added to a solution of POCI3 (0.94 r^^, 10 
mmol) and 1,2,4-tria2ole (3.1 g, 45 mmol) in acetonitrlle (20 mL) at 0 ^C. A 
solution of 2*-deoxy-2'-difluoromethylene-3\5*-0-(tetraisopropyldisiloxane- 
1,3-diyl)uridine 23 ([described in example 45] 2.6 g. 5 mmol) in acetonitrile 
(20 mL) was added dropwise to the above reaction mixture and left to stir at RT 
for 4 h. The mixture was concentrated in vacuo, dissolved in CH2CI2 (2 x 100 
mL) and washed with 5% NaHCOa (1 x 100 mL). The organic extracts were, 
dried over Na2S04 concentrated in vacuo, dissolved in dioxane (20 mL) and 
aq. ammonia (30 mL). The mixture was stirred for 12 h and concentrated in 
vacuo. The residue was azeotroped with anhydrous pyridine (2 x 20 mL). 
Acetic anhydride (5 mL) was added to the residue dissolved in pyridine, stirred 
at RT for 4 h and quenched with sat. NaHCOa (5mL). The mixture was 
concentrated in vacuo, dissolved in CH2CI2 (2 x 100 mL) and washed with 5% 
NaHCOa (1 x 100 mL). The organic extracts were dried over Na2S04, 
concentrated in vacuo and the residue chromatographed over silica gel. 2*- 
Deoxy-2'-difluoromethylene-3',5'-0(tetraisopropyldisiloxane-1,3-diyl)-4-A/- 
acetyl-cytidine 24 (2,2 g. 3.9 mmol. 78%) was eluted with 20% EtOAc in 
hexanes. 

Example 53: 1^r2'-DflQxv-2'>Difluoromethvlen e-5'-0-DimethoxvtritvUp-D-ribo- 
furanQSvn-4-A^Acetv^Cytosine (25^ 

2'-Deoxy-2'-difluoromethylene-3\5'-0(tetraisopropyldisiloxane-1,3-diyl)- 
4-A/-acetyl-cytldlne 24 (2.2 g, 3,9 mmol) dissolved in THF (20 mL) was treated 
30 with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The residue 
was triturated with petroleum ether and chromatographed on a silica gel 
column. 2'-Deoxy-2'-difluoromethylene-4«A/-acetyl-cytidine (0.89 g, 2.8 mmol, 
72%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-difluoromethylene- 
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4-A/-acetyl-cytidine (0,89 g, 2,8 mmol) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine (10 mL) was added dropwise 
over 15 m. The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) 
was added to quench the reaction. The mixture was concentrated in vacuo 
5 and the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHCOa 
(50 mL), water (50 mL) and brine (50 mL). The organic extracts were dried 
over MgS04, concentrated in vacuo and purified over a silica gel column 
using EtOAc;hexanes / 60:40 as eluant to yield 25 (1.2 g, 1.9 mmol. 68%). 

Example 54: 1-f2'-Deoxv-2'-DifluoromethvlenQ-5'-0-DimethQxvtrityl-p-p. 
10 ribQfuranosvn-4>A/-Acetvlcvtosine 3'-r 2^cvanQQthyl>N.N>diisQproDvlDhosphor- 
amidite^ (26^ 

1-(2'-Deoxy-2'-difluoromethylene-5'-0-dimethoxytrityl-p-D-ribofuranosyl)- 
4-A/-acetylcytoslne 25 (0.6 g. 0.97 mmol) dissolved in dry CH2CI2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.5 mL. 2.9 

15 mmol) was added, followed by the dropwise addition of 2-cyanoethyl A/,A/- 
diisopropylchlorophosphoramidite (0.4 mL. 1.8 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup in vacuo (40 ""C). The product 26, a white 
foam (0.52 g, 0.63 mmol. 65%) was purified by flash chromatography over 

20 silica gel using 30-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.48 (CH2Cl2:MeOH / 20:1). 

Example 55: 2'-Keto-3'.5'-0-rr etraisooropyi disiloxane^l .3-divn-6-A/>(4-f-Butvl- 

^gnzoyD'AdgnQglne (29) 

Acetic anhydride (4.6 mL) was added to a solution of 3\5*-0-(tetraiso- 
25 propyldisiloxane-1 .3-diyl)-6-A;-(4-f-butylbenzoyl)-adenosine (Brown, J.; 
Christodolou, C; Jones.S.; f^odak.A.; Reese.C; Sibanda.S,; Ubasawa A. J. 
Cham .Soc. Perkin Trans, / 1 989. 1735) (6.2 g. 9.2 mmol) in DMSO (37 mL) 
and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc and 
30 washed with water. The organic layer was dried over MgS04 and 
concentrated in vacuo. The residue was purified on a silica gel column to 
yield 2''keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-A^(4-f-butylbenzoyl)- 
adenosine 28 (4.8 g. 7.2 mmol. 78%). 
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Example 56; 2''Deoxv>2^methvlene-3'.5^0- (TetraisQprQpvidisiloxane>i . 3. 
divn-6-A;'(4-l-Butvlben2Qvl^>Ade nosine (29) 

Under a pressure of argon, sec-butyllithium in hexanes (11.2 mL. 14.6 
mmol) was added to a suspension of triphenylmethylphosphonium iodide 
5 (7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 ^C. The homogeneous 
orange solution was allowed to warm to -30 and a solution of 2'-keto-3'.5'- 
0-(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-f-butylben2oyl)-adenoslne 28 
(4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under argon 
pressure. After warming to RT, stirring was continued for 24 h. THF was 

1 0 evaporated and replaced by CH2CI2 (250 mL), water was added (20 mL). and 
the solution was neutralized with a cooled solution of 2% HCI. The organic 
layer was washed with H2O (20 mL). 5% aqueous NaHCOs (20 mL), H2O to 
neutrality, and brine (10 mL). After drying (Na2S04), the solvent was 
evaporated in vacuo to give the crude compound, which was 

15 chromatographed on a silica gel column. Elution with light petroleum 
ethenEtOAc / 7:3 afforded pure 2'-deoxy-2'-methylene-3\5'-0(tetraisopropyl- 
disiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3.86 g, 5.8 mmol. 
79%). 

Example 57: 2'-D eoxv-2'-Methvlene-6-AA(4-/-Butvlben2Qvn-Adenosine 

20 2'-Deoxy-2'-methylene-3',5*-0-(tetraisopropyldisiloxane-1.3-diyl)-6-/V-(4- 
f-butylbenzoyO-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) was 
treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2'-Deoxy-2*-methylene-6-A/-(4-f-butylbenzoyl)-adenosine 

25 (1 .8 g, 4.3 mmol. 74%) was eluted with 10% MeOH in CH2CI2. 

Example 58: 5'>Q>DMT-2'-DQQXv> 2'-Methvlen9^6-A/-M-^ButvlbenzQvl>> 

AdgnQgine (29) 

2'-Deoxy-2'-methylene-6-A/-(4-f-butyibenzoyl)-adenosine (0.75 g. 1.77 
mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI (0.66 g, 
30 1.98 mmol) in pyridine (10 mL) was added dropwise. over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction, The mixture was concentrated in vacuo and the residue taken up in 
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CH2CI2 (100 mL) and washed with sat. NaHCOa, water and brine. The 
organic extracts were dried over MgS04, concentrated in vacuo and purified 
over a silica gel column using 50% EtOAc:hexanes as an eluant to yield 29 
(0.81 g, 1.1 mmol, 62%). 

5 Example 59: 5^0>DMT-2^DeQxy-2^MQt hvlene-6-A/./4-f-Butvlb6n7nvlU 
Adenosine 3'-f2-Cvanoethyl A/./V-diisoDroDvlDhosphoramidite^ (31) 

1'(2*-Deoxy-2'-methylene-5'-0-dimethoxytrityl-p-D-ribofurafiosyl)-6-A/-{4- 
f-butylbenzoyl)-adenjne 29 dissolved in dry CH2CI2 (15 mL) was placed in a 
round bottom flask under Ar. Diisopropylethylamine was added, followed by 

10 the dropwise addition of 2-cyanoethyl A/,A/-diisopropylchlorophosphoramidite. 
The reaction mixture was stin-ed 2 h at RT and quenched with ethanol (l mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product was purified by flash chromatography over silica gel using 30-50% 
EtOAc gradient in hexanes, containing 1% triethylamine, as eluant (0.7 g. 0.76 

1 5 mmol. 68%), Rf 0.45 (CH2CI2: MeOH / 20:1) 

Example 60: 2'-Deoxv-2'-DifiuorQmethylQ ne-3'.5^Q-fTetraisQDroDvtdisilQx- 
ane-1.3-divn-6-A/-M-f-Butvlben2ovn>AdenQslna 

2'-Keto-3',5'-0-(tetraisopropyldisiloxane-1.3-diyl)-6-A;-(4-Nbutylben2oyl)- 
adenosine 28 (6.7 g, 10 mmol) and triphenylphosphine (2.9 g, 1 1 mmol ) were 

20 dissolved in diglyme (20 mL), and heated to a bath temperature of 160 '*C. A 
warm (60 **C) solution of sodium chlorodifluoroacetate (2.3 g, 15 mmol) in 
diglyme (50 mL) was added (dropwise from an equilibrating dropping funnel) 
over a period of -1 h. The resulting mixture was further stin-ed for 2 h and 
concentrated in vacuo. The residue was dissolved in CH2CI2 and 

25 chromatographed over silica gel. 2'-Deoxy-2'-difluoromethylene-3',5'-0- 
(tetraisopropyldisiloxane-1 ,3-diyl)-6-A/-(4-f-butylben2oyl)-adenosine (4.1g. 6.4 
mmol, 64%) eluted with 15% hexanes in EtOAc. 

Eyampig 61: 2'-Deoxv-2'-Difluoromethvlen e-6-A/W4>NBiJtvlbenzQyn- 

Adenosine 

30 2'-Deoxy-2*-difluoromethylene-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)- 
6-A/-(4-Nbutylben2oyl).adenosine (4.1 g, 6.4 mmol) dissolved in THF (20 mL) 
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was treated with 1 M TBAF in THF (10 mL) for 20 m and concentrated in 
vacuo. The residue was triturated with petroleum ether and chromatographed 
on a silica gel column. 2'-Deoxy-2'-difluoromethylene-6-A/-(4-f-butylbenzoyl). 
adenosine (2.3 g, 4.9 mmol, 77%) was eluted with 20% MeOH in CH2CI2. 

5 Example 62: 5'-0-DMT-2'>DQOw-g'.DIfluo romethvlflnfl.R.A/.U.?-BLityl. 
benzovn«Adenosine (30\ 

2*-Deoxy.2'-dlfluoromethylene-6-A/-(4-f-butylben2oyl)-adenosine (2.3 g, 
4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI in 
pyridine (10 mL) was added dropwise over 15 m. The resulting mixture was 

10 stirred at RT for 12 h and MeOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOa. water and brine. The organic 
extracts were dried over MgS04, concentrated in vacuo and purified over a 
silica gel column using 50% EtOAcrhexanes as eluant to yield 30 (2.6 g. 3.41 

1 5 mmol. 69%). 

Example 63: 5'-0-DMT-2'- Deoxv-2'-Difluoromethvlene-6-A/-(4-f-Riitvl- 
benzovD-Adenosine 3'-r2-Cyanoethvl A/ AZ -diisooroovlohosDhoramidite) f32> 

1-(2'-Deoxy-2'-dif!uoromethylene-5'-0-dimethoxytrityl-|3-D-ribofuranosyl)- 
6-A/-(4-r-butylbenzoyl)-adenine 30 (2.6 g. 3.4 mmol) dissolved in dry CH2CI2 

20 (25 mL) was placed in a round bottom flask under Ar. Diisopropylethylamine 
(1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,A/-dilsopropylchlorophosphoramldite (1.06 mL, 4.76 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). After 
10 m the mixture evaporated to a syoip In vacuo (40 'C). 32 (2.3 g, 2,4 mmol, 

25 70%) was purified by flash column chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine. as eluant. Rf 
0.52 (CH2CI2: MeOH / 15:1), 

Example 64: P''nftOxv-2'-Metho xveart)onvlmflthvlldinQ.a' f^'-O-rretraiso- 
proDvldisilnyaqff-1 .1'^ -divh-Uridine <33) 



30 



Methyl(triphenylphosphoranylidine)acetate (5.4 g. 16 mmol) was added 
to a solution of 2'-keto-3',5'-0-(tetraisopropyl disiloxane-1.3-diyi)-uridine 14 in 
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CH2CI2 under argon. The mixture was left to stir at RT for 30 h. CH2CI2 (100 
mL) and water were added (20 mL), and the solution was neutralized with a 
cooled solution of 2% HCI. The organic layer was washed with H2O (20 mL), 
5% aq. NaHC03 (20 mL). H2O to neutrality, and brine (10 mL). After drying 
5 (Na2S04), the solvent was evaporated in vacuo to give crude product, that 
was chromatographed on a silica gel column. Elution with light petroleum 
etherEtOAc / 7:3 afforded pure 2'-deoxy'2'-methoxycarbonylmethylidine-3\5'- 
0-(tetraisopropyldisiloxane-1,3-diyl)-uridine 33 (5.8 g. 10.8 mmpi, 67.5%). 

Examole 65: 2'-Deoxv-2'-Methoxvcarbonvlmethvlidine>Uridine r34) 

10 Et3N«3 HF (3 mL) was added to a solution of 2*-deoxy-2'-methoxy- 

carboxylmethylidine-3\5*-0(tetraisopropyldisiloxane-1,3-diyl)-uridine 33 (5 g. 
9.3 mmol) dissolved in CH2CI2 (20 mL) and EtaN (15 mL). The resulting 
mixture was evaporated in vacuo after 1 h and chromatographed on a silica 
gel column eluting 2'-deoxy-2'-methoxycarbonylmethylidine-uridine 34 (2.4 g. 

1 5 8 mmol. 86%) with THF:CH2Cl2 / 4:1 . 

Example 66: 5^-0-Df^T-2'-DeQXV-2'-MethoxvcarbQnvlmethvl(dine-Uridine 

mi 

2'-Deoxy-2'-methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 mmol) 
was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g. 4.42 mmol) in 

20 pyridine (10 mL) was added dropwise over 15 m. The resulting mixture was 
stirred at RT for 12 h and MeOH (2 mL) was added to quench the reaction. 
The mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHCOs, water and brine. The organic 
extracts were dried over MgS04. concentrated in vacuo and purified over a 

25 silica gel column using 2-5% MeOH in CH2CI2 as an eluant to yield 5'-ODMT- 
2'-deoxy-2'-methoxycarbonylmethylidine-uridine 35 (2.03 g, 3.46 mmol, 86%). 

Example 67: 5'- 0>DMT-2'-DeQXV-2^MethoxvcarbQnvlmethvlidine-UridinQ 3'> 

(2-cvanQethYUA/.A/^dii soDroDvlDhQsphoramiditel (36) 

1-(2'-Deoxy-2*-2'-methoxycarbonylmethylidine-5'-0-dimethoxytrityl-p-D- 
30 nbofuranosyO-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH2CI2 (10 mL) 
was placed in a round-bottom flask under Ar. Diisopropylethylamine (1.2 mL, 
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6.8 mmol) was added, followed by the dropwise addition of 2-cyanoethyl N.N- 
diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture was evaporated to a syrup in vacuo (40 'C). 5'-0-DIVIT-2'-deoxy-2'- 
5 methoxycarbonylmethylidlne-uridlne 3'-(2-cyanoethyl-/V,/V-diisopropylphos- 
phoramidite) 36 (1.8 g. 2.3 mmol, 67%) was purified by flash column 
chromatography over silica gel using a 30-60% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant. Rf 0.44 (CH2Cl2:MeOH'/ 9.5:0.5). 

Example 68: 2'-nftoxv-2'^arboxvmethvlidine .3'.5'-0.(TBtraisQDrQpvldi- 
10 siloxane.1..^ .divn.Uridine 37 

2'-Deoxy-2'-methoxycarbonylmethylidine-3'.5'-0-(tetraisopropyldisilox- 
ane-1,3-diyl)-uridlne 33 (5.0 g, 10.8 mmol) was dissolved in MeOH (50 mL) 
and 1 N NaOH solution (50 mL) was added to the stin-ed solution at RT. The 
mixture was stirred for 2 h and MeOH removed in vacuo. The pH of the 
1 5 aqueous layer was adjusted to 4.5 with IN HCI solution, extracted with EtOAc 
(2 X 100 mL), washed with brine, dried over MgS04 and concentrated in 
vacuo to yield the crude acid. 2'-Deoxy-2'-carboxymethylidine-3',5'-0- 
(tetraisopropyldisiloxane-1,3-diyl)-uridine 37 (4.2 g. 7.8 mmol, 73%) was 
purified on a silica gel column using a gradient of 10-15% MeOH in CH2CI2. 

20 Example 69: Svnthesis of 2'-C-alh/l-lJ phnfipK^^f^fpiHi te from S'-tO-OMT-a'-Q. 

IBPMS'Uriciine . 

Referring to Figure 54, In order to simplify the synthetic scheme for 
phosphoramidites 5 and 8 we also explored the potential of 5'-0-DMT-3'-O- 
TBDMS-Uridine 10 (side product In preparation of standard RNA monomers) 

25 as a starting material in the synthesis of key intermediate 4. 
Phenoxythiocarbonylation of starting synthon 10 according to Robins (Robins, 
M. J., Wilson J. S. and Hansske, F. (1983). J. Am. Chem. Soc, 105, 4059) 
surprisingly led to thiooster 11 ( 91 %) without noticeable migration (Scaringe, 
S.A.. Franclyn, C. & Usman, N. (1990) Nucleic Acids Res .,18, 5433-5441) of 

30 the TBDMS group. Comparative analysis of Ir NMR data for compounds 10 
and 1 1 revealed that resonance of H-2' experienced up field shift of 2,0 
ppm(from 6.06 to 4,13) in 11 compare to starting compound 10, at the same 
time chemical shift of H-3' and H-1' changed only slightly: 4.83 ppm{H-3') and 
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10 



6.48 ppm (H-r) in 11 compare to 4.36(H-3') ppm and 5.93 ppm (H-V) in 10 
and chemical shift of H-4' remains practically unchanged indicating acylation 
at C-2-0H. Heck aliylation of intermediate 11 with 2-,2'-A2obis-(2-methyl 
propionitrile) (other groups can be introduced by standard procedures) 
resulted in a formation of 2'-C-allyl derivative 12 (70 % ) and related 2'-deoxy 
by-product ( 15% ). Subsequent desilylation of 12 led to S'-ODMT derivative 
4 identical to the one synthesized from thioester 2. Since the starting material 
for this route is commercially available this may represent a less laborious way 
to key synthon 4 as well as for other 2'- modified monomers. This 
methodology can be used to introduce other 2'-C-allyl groups using 
compound 1 1 (or its equivalent for other bases) as an intermediate. 

E)^ampl9 70: Svnthfl?Tl$ of 5'-ODimflthoxvtritvl.P'.< apheno>rvthinrarhop y |.Q'. 
0-t-bvtuldimeth\/lsi |v|.uridine 1 1 . 

To a stirred solution of 5'-0-Dimethoxytrityl-3'-C»-t-bytuldimethylsilyl- 
15 uridine (Commercially available from Chem Genes Corporation) (5.0 g 7.57 
mmol) and dimethylaminopyridine (1.8g. 15 mmol) in 100 ml of dry acetonitri! 
a solution of phenylchlorothionoformate (1.26ml. 9,1 mmol) in 25 ml of 
acetonitrile was added dropwise and the reaction mixture stirred at room 
temperature for 3 hours. TLC (ethylacetate-hexanes 1:1) showed 
disappearance of starting material and the reaction mixture was concentrated 
in vacuo. The residue was purified by flash chromatography on silica gel 
CH2CI2 as an eluent to give 5.51 g (91.3%) of the product. 

1 H NMR {CDCI3) 5 0.95 (s. 9H. tBu). 0.1 1 (s. 3H. CH3). 0.04 (s. 3H. CH3) 
3.57 (2H. H5'. H5". m J5',4*=2.4., J5".4'=2.8., J5'.5''=1 1.0). 3.86 (6H, OCH3. 
s), 4.07 (1H. H4'. m). 4.83 (1H. H3'. dd. J3'.4'=2,8 J3'.2'=5.2). 5.44 (1H, H5. d. 
J5,6=8.0 ) 5.99 (1H. H2', dd. J2M'=6.4 . J2'.3-= 5.2 ). 6.46 (1H. HV. d. 
Jl'.2'=6.4) . 6.89-7.79 (18H, DMT. Phe. m). 7.88 (1H, H6. d. Je 5=8.0). 7.95 
(1H.N-H.bs). 

Example 71 : Synthesis of 5'-0-Dimathr. ^ritvl-2'.CAiivi.3'.o.t. 
30 bvtuldimfif t ivlsilvl-uridine/ 1 g) 

To a refluxing under argon solution of 5'-0-Dimethoxytrityl-2'-0- 
Phenoxythiocarbonyl-3'-0-t-bytuldimethylsilyl-uridine (5.5g. 6.9 mmol) and 
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allyltributyltin (10.7ml, 34.5 mmol) in dry toluene (150 ml) a solution of 2-.2'- 
A20bis-(2-metiiyl propionitrile) (0.28g 1,72 mmol) in 50 ml of dry toluene was 
added dropwise for 1 hour. The resulting mixture was allowed to reflux under 
argon for additional 2 hours. After that it was concentrated in vacuo and 
5 purified by flash chromatography on silica gel with gradient ethylacetate in 
hexanes (0-30%) as an eluent. Yield 3.38g (70.0%). 

NMR (CDCI3) 5 0.95 (s. 9H. tBu). 0.11 (s. 3H, CH3), 0.04 (s. 3H. 
CH3).2.23 (1H. H6'. m). . 2.38-2.52 (2H, H6" and H2'. m). 3.46 (2H. H5' and 
H5", m. J5'.4'=2.5.. J5".4'=3.2 J5',5"=10.8). 3.86 (6H. OCH3. s). 4.13 ( 1H. 
10 H4', dd, J4'.3'=8.0. J4'.5'=3.2.J4\5'=2.5). 4.46 (1H. H3'. m). 5.15 (1H. H8'. d! 
J8'.7'=10.0). 5.20(1H. H9',d. J9',7'=17.3). 5.44 (1H. H5. d. J5.6=8.0). 5.81 
(1H. H7', dddd. J7',6'=6.0. J7'.6"=8.0), 6.14 (1H. HI', d. Jr,2'=8.'o). 6.88-7.52 
(13H.DMT.m). 7.76 (1H. H6, d. J6.5=8.0). 8.17 (1H. N-H. bs) 

Example 72: Synthesis of 5'-O.0imethoxvtrit v|.2'-C-AllYl ' Jfidine (4) frnm v.n. 
15 Dimethoxvtritvl-2'-C-Allvl-3' .O.t-bvtuldlmflthvt.siM.t.ririinp fi? ), 

Sta .''ri.rd deprotection of TBDMS derivative 12 utilizing general method 
A fumis: .0 product 4 (yield 80%) identical to the compound prepared from 2*- 
C-allyl derivative 3. 

Usss. 

The alkyi substituted nucleotides of this invention can be used to fomi 
stable oligonucleotides as discussed above for use in enzymatic cleavage or 
antisense situations. Such oligonucleotides can be formed enzymatically 
using triphosphate fomis by standard procedure. Administration of such 
oligonucleotides is by standard procedure. See Sullivan et al. PCT WO 
94/02595. 

The following are non-limiting examples showing the synthesis of nucleic 
acids using 2'-0-methylthioalkyl-substituted phosphoramidites and the 
syntheses of the amidites. 
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£ X9mpl9 73: SvntfK^sis of Hammerhead Rihn7Yfp e s nnnt ^^jriifirj ^'.^ 
alkylthiggltwInuGlflnrides & other M odificri Nii^ f^n^iw^^ 

The method of synthesis follows the procedure for normal RNA 
synthesis as described In Usman.N.; Ogilvie.K.K.; Jiang.M.-Y.; Cedergren R J 
J. Am. Cham. Soc. 1987. 109. 7845-7854 and in Scaringe.S.A.; Franklyn C ' 
Usman.N. Nucleic Acids Res. 1990. 18, 5433-5441 and makes use of 
commor) nucleic acid protecting and coupling groups, such as dimethoxytrityl 
at the S'-end, and phosphoramidites at the 3'-end. These a'-O-alkylthioaikyl 
substituted phosphoramidites may be incorporated not only into hammerhead 
nbozymes. but also into hairpin, hepatitis delta virus. Group I or Group II intron 
catalytic nucleic acids, or into antisense oligonucleotides. They are. therefore, 
of general use in any nucleic acid structure. 

Example 74: .Svnthpsh of base-pr o tected 3-.5'-n.rt^tr.icoprQD^iHi...iin..n.. 

Referring to Figure 55, standard introduction of "Markiewicz" protecting 
group to the base-protected nucleosides according to -Oligonucleotides and 
Analogues. A Practical Approach", ed. F. Eckstein.JRL Press. 1991 resulted in 
protected nucleosides (2) with 85.100% yields. Briefly, in a non-llmiting 
example. Uridine {20g. 81.9 mmol) was dried by two coevaporations with 
anhydrous pyridine and re dissolved in the anhydrous pyridine. The above 
solution was cooled (QOC) and solution of 1 .3-dichloro-1 1 3 3- 
tetraisopropylsiloxane (28.82 mL. 90.09 mmol) in 30 mL of anhydrous 
dichloroethane was added dropwise under stirring. After the addition was 
completed the reaction mixture was allowed to warm to room temperature and 
stirred for additional two hours. Then it was quenched with MeOH (25 mL) 
and evaporated to dryness. The residue was dissolved in methylene chloride 
and washed with saturated NaHCOg and brine. The organic layer was 
evaporated to dryness and then coevaporated with toluene to remove traces 
Of pyridine to give 39g (98%) of compound 2 (B«Ura) which was used without 
30 further purification. 

Other 3',5'.0-(tetraisopropyldisiloxane-1.3-di.yl)- nucleosides were 
obtained in 75-90% yields, using the protocol described above, starting from 
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base-protected nucleosides with final purification of the products by flash 
chromatography on silica gel when necessary. 

Example 75: General procedure for the synthesis of 2'-0-methylthiQmftthyl 
nucleosides (3) 

5 Referring to Figure 55, to a stirred ice-cooled solution of the mixture of 

base-protected 3',5'-0-(tetraisopropyldisiloxane-1,3-diyl) nucleoside (2) (7 
mmol). methyl disulfide (70 mmol). 2,6-lutidine (7 mmol) in methylene chloride 
(100 mL) or mixture methylene chloride - acetonitrile (1:1) under positive 
pressure of argon, solution of benzoyl peroxide (28 mmol) in methylene 

10 chloride was added dropwise during 1 hour. After complete addition the 
reaction mixture was stirred at O^C under argon for additional 1 hour. The 
solution was allowed to wanm to room temperature, diluted with methylene 
chloride (100 mL). washed twice with saturated aq NaHCOa and brine. The 
organic layer was dried over sodium sulfate and evaporated to dryness. The 

15 residue was purified by flash chromatography on silica using 1-2% methanol 
in methylene chloride as an eluent to give corresponding methylthiomethyl 
nucleosides with 55: . % yield. 

Example 76: 5'>0- Dimethoxvtritvl>2'0>Methvlthiomethvl-Nucleosides. (6^ 

Method A. The solution of the base-protected 3\5'-0- 
20 (tetraisopropyldislloxane-1,3-diyl)-2'-0-methylthiomethyl nucleoside (3) (2.00 
mmol) in 10 ml of dry tetrahydrofuran (THF) was treated wrth 1M solution of 
tetrabutylammoniumfluortde in, THF (3.0 ml) for 10-15 minutes at room 
temperature. Resulting mixture was evaporated, the residue was loaded to 
the silica gel column, washed with 1L of chloroform, and the desired 
25 deprotected compound was eluted with 5-10% methanol in dichliromethane, 
Appropriate fractions were combined, solvents removed by evaporation, and 
the residue was dried by coevaporation with dry pyridine. The oily residue 
was redissolved in dry pyridine, dimethoxytritylchloride (1.2 eq) was added 
and the reaction mixture was left under anhydrous conditions overnight. The 
30 reaction was quenched with methanol (20 ml), evaporated, dissolved in 
chloroform, washed with saturated aq sodium bicarbonate and brine. Organic 
layer was dried over sodium sulfate and evaporated. The residue was purified 
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by flash chromatography on silica gel to give S'-O-Dimethoxytrityl derivatives 
with 70-80% yield. «nvauves 

Method B. Alternatively. 5'-0-Dimethoxytrityl-2'0-Methylthiomethyl- 
Nucleosfdes (6) may also be synthesized using S'-O-Dimethoxytrityl-a'-O- 1- 
5 Butyl-dimethy-lsilyl Nucleosides (4) as the starting material. Compound 4 is 
commercially available as a by-product during RNA phosphoramidite 
synthesis. Compond 4 is converted in to 3'-0-t-butyidimethylsily|.2'-0- 
methylthlomethyl nucleoside 5. as described under example 3. The solution of 
the base^protected 3'-0-t-butyldimethylsily|.2'-0-methylthiomethyl nucleoside 
10 5 (2.00 mmol) in 10 ml of dry tetrahydrofuran (THF) was treated with 1M 
solution of tetrabutylammoniumfluoride in THF (3.0 ml) for 10-15 minutes at 
room temperature. The resulting mixture was evaporated, and purified by 
flash sihca gel chromatography to give nucleosides 6 in 90% yield. 

Example 77: f>'-Q-Dlmftthoyvtritvl.2'.n.Mpthyit h..^ethvi.Ni..ri^oc;Hoc.>..,|o 

15 Cvanoethvl-N N-diisnpmpYfphQsnhnr«amiWit^,| 

Standard phosphitylation of nucleoside 6 according to Scaringe S A 
Fr- •ilclyn.C; Usman.N. Nucleic Acids Res. 1990. 18. 5433-5441 yielded 
phosphoramidites In 70-85% yield. 

Example 7P- fipnergl procedure for th^ ^yn^ y...:^ »f 2'.O.MPthY ith.^ph.»y. 

20 oucleoside.t ' 

To a stirred Ice-cooled solution of the mixture of base-protected 3' 5'-0- 
(tetraisopropyldlsiloxane.1.3-diyl) nucleoside (14.7 mmol) . ihioanisole' (147 
mmol). N,N-dimethylaminopyridlne (58.8 mmol) in acetonitrie (100 mL) under 
positive pressure of argon, benzoyl peroxide (36.75 mmol) was added 

25 portionwise over 3 hours. After complete addition the reaction mixture was 
allowed to waon to room temperature and was stirred under argon for an 
additional 1 hour. The solvents were removed in vacuo, the residue was 
dissolved in ethylacetate, washed twice with saturated aq NaHCOg and brine 
The organic layer was dried over sodium sulfate and evaporated to dryness 

JO The residue was purified by flash chromatography on silica using mixture 
EtOAc-hexanes (1:1) as eluent to give the corresponding methylthiophenyl 
nucleosides with 55-65% yield. 
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Example 79: 5'- 0-DimethoxvtritvU2'-aMethvlthiQph^nvl-NucleosidQ<; 

These compounds were prepared as described above under examples 
76 and 76. 

Example 80: 5'-0>Dimethoxvtritvl-2'-0-MethvlthiQDh9n vl>Nucleosides^3'-f2- 

5 Cyanogthy! N.N-cjiigopropylphQgphQroamiditgg) 

standard phosphitylation according to Scaringe.S.A.; Franklyn.C; 
Usman.N. Nucleic Acids Res, 1990, 18, 5433-5441 yielded 
phosphoramidites in 70-85% yield. 

Example 81: Ribozvmes containing 2'>Q-methvlthlQmet hvl substitutions 

10 In a non-limiting example 2'-0-methylthioalkyl substitutions were made 

at various positions within a hammerhead ribozyme motif (Fig, 56. including 
U4 and U7 positions). The target site B was targeted by the hammerhead 
ribozyme in this non-limiting example. 

Hammerhead ribozymes (soe Fig. 56) were synthesized using solid- 
15 phase synthesis, as describ above. Several positions were modified, 
individually or in combination, with 2'-0-methylthiomethyl groups. 

RNA cleavage assay in vitro: 

Substrate RNA is 5' end-labeled using [y-^^P] ATP and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 

20 ribozyme 'excess' conditions. Trace amount 1 nM) of 5' end-labeled 
substrate and 40 nM unlabeled ribozyme are denatured and renatured 
separately by heating to 90^*0 for 2 min and snap-cooling on ice for 10 -15 
min. The ribozyme and substrate are incubated, separately, at 37°C for 1 0 
min in a buffer containing 50 mf^ Tris-HCI and 10 mM MgCl2. The reaction is 

25 initiated by mixing the ribozyme and substrate solutions and incubating at 
37''C. Aliquots of 5 ^1 are taken at regular intervals of time and the reaction is 

quenched by mixing with equal volume of 2X fomiamide stop mix. The 
samples are resolved on 20 % denaturing polyacrylamide gels, the results 
are quantified and percentage of target RNA cleaved is plotted as a function of 
30 time. 
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Referring to Figure 57, hammerhead ribozymes containing 2'-0- 
methylthiomethyl modifications at various positions cleave the target RNA 
efficiently. Surprisingly, all the 2'-0-methylthlomethyl -substituted ribozymes 
cleaved the target RNA more efficiently compared to the control hammerhead 
5 ribozyme. 

Sequences listed in Figure 56 and the modifications described in Figure 
56 and 57 are meant to be non-limiting examples. Those skilled in the art will 
recognize that variants (base-substitutions, deletions, insertions, mutations, 
chemical modifications) of the ribozyme and RNA containing other 
10 combinations of 2'-hydroxyl group modifications can be readily generated 
using techniques known in the art, and are within the scope of the present 
invention. 

The following are non-limiting examples showing the synthesis of non- 
nucieotide mimetic-containing catalytic nucleic acids using non-nucleotide 
1 5 phosphoramidltes. 

Such non-nucleotides can be located in the binding arms, core or the 
loop adjacer- stem II of a hammerhead type ribozyme. Those in the art 
following the teachings herein can determine optimal locations in these 
regions. Surprisingly, abasic moieties can be located in the core of such a 
20 ribozyme. 

Examplfl R^; -Ci Ynthesis of Abasic nuclenti(; <(»R 

The synthesis of 1-deoxy-D-ribofuranose phosphoramidite 9 is shown in 
Figure 58. Our initial efforts concentrated on the deoxygenation of synthon 1 , 
prepared by a "one pot" procedure from D-ribose. Phenoxythiocarbonylation 

25 of acetonide 1 under Robins conditions led to the p-anomer 2 {J1.2 = 1.2 Hz) 
in modest yield (45-55%). Radical deoxygenation using BuaSnH/AIBN 
resulted in the formation of the ribitol derivative 3 in 50% yield. Subsequent 
deprotection with 90% CF3COOH (10 m) and introduction of a dimethoxytrityl 
group led to the key intermediate 4 in 40% yield (Yang et al.. Biochemistry 

30 1992, 31, 5005-5009: Perreault et al.. S/oc/jem/sf/y 1991 , 30, 4020-4025; 
Paolella et al., EMBO J. 1992, 11, 1913-1919; Peiken et al., Sc/ence 1991, 
253, 314-317). 
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The low overall yield of this route prompted us to investigate a different 
approach to 4 {Fig. 58). Phenylthioglycosldes. successfully employed in the 
Keck reaction, appeared to be an alternative. However, it is known that free- 
radical reduction of the corresponding glycosyl bromides with participating 
5 acyl groups at the C2-position can result in the migration of the 2-acyl group to 
the CI -position (depending on BuaSnH concentration). Therefore we 
subjected phenylthioglycoside 5 to radical reduction with BuaSnH (6.1 eq.) in 
the presence of BZ2O2 (2 eq.) resulting in the isolation of tribenzoate 6 in 63% 
yield (Fig. 98). Subsequent debenzoylation and dimethoxytritylation led to 
10 synthon 4 in 70% yield. Introduction of the TBDMS group, using standard 
conditions, resulted in the fonmation of a 4:1 ratio of 2- and 3-isomers 8 and 7. 
The two regioisomers were separated by silica gel chromatography. The 2-0- 
Nbutyldimethylsilyl derivative 8 was phosphitylated to provide 
phosphoramidite 9 in 82% yield. 

15 Example 83: RNA cleavage assay in vitro 

Ribozymes and substrate RNAs were synthesized as described above. 
Substrate RNA was 5' end-labeled using [•, ' P] ATP and T4 polynucleotide 
kinase (US Biochemicals). Cleavage reactions were carried out under 
ribozyme "excess* conditions. Trace amount (< 1 nM) of 5' end-labeled 

20 substrate and 40 nM unlabeled ribozyme were denatured and renatured 
separately by heating to SO'C for 2 min and snap-cooling on ice for 10-15 
min. The ribozyme and substrate were incubated, separately, at 37''C for 10 
min in a buffer containing 50 mM Tris-HCI and 10 mM MgCl2. The reaction 
was initiated by mixing the ribozyme and substrate solutions and incubating at 

25 37»C. Aliquots of 5 ^1 are taken at regular intervals of time and the reaction 
quenched by mixing with an equal volume of 2X fonnamide stop mix. The 
samples were resolved on 20 % denaturing polyacrylamide gels. The results 
were quantified and percentage of target RNA cleaved is plotted as a function 
of time. 

30 Referring to Figure 59 there is shown the general structure of a 

hammerhead ribozyme targeted against site B (HH-B) with various bases 
numbered. Various substitutions were made at several of the nucleotide 
positions in HH-B. Specifically referring to Figure 60. substitutions were made 
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at the U4 and U7 positions marked as X4 and X7 and also in loop II in (he 
positions marked by an X. The RNA cleavage activity of these substituted 
ribozymes is shown in the following figures. Specifically. Figure 61 shows 
cleavage by an abasic substituted U4 and an abasic substituted U7. As will 
5 be noted, abasic substitution at U4 or U7 does not significantly affect cleavage 
activity. In addition, inclusion of all abasic moieties in stem II loop does not 
significantly reduce enzymatic activity as shown in Figure 62. Further, 
inclusion of a 3* inverted deoxyribose does not inactivate the-RNA cleavage 
activity as shown in Figure 63. 

10 Example 84: Smooth Muscle Cell Prolif eration Assay 

Hammerhead ribozyme (HH-A) is targeted to a unique site (site A) within 
c-myb mRNA. Expression of c-myb protein has been shown to be essential for 
the proliferation of rat smooth muscle cell (Brown et al„ 1992 J. BioL Chem. 
267, 4625). 

15 The ribozymes that cleaved site A within c-myb RNA described above 

were assayed for their effect on smooth muscle cell proliferation. Rat vascular 
smooth muscle cells we:" isolated and cultured as described (Stnchcomb et 
aL, supra). These primary rat aortic smooth muscle cells (RASMC) were 
plated in a 24-well plate (5x1 o3 cells/well) and incubated at 37**C in the 

20 presence of Dulbecco's Minimal Essential Media (DMEM) and 10% serum for 
^16 hours. 

These cells were serum-starved for 48-72 hours in DMEM (containing 
0.5% serum) at 37**C. Following serum-starvation, the cells were treated with 
lipofectamine (LFA)-complexed ribozymes (100 nM ribozyme was complexed 
25 with LFA such that LFAiribozyme charge ration is 4:1). 

Ribozyme:LFA complex was incubated with serum-starved RASMC cells 
for four hours at 37*C. Following the removal of ribozyme:LFA complex from 

cells (after 4 hours), 10% serum was added to stimulate smooth cell 
proliferation. Bromo-deoxyuridine (BrdU) was added to stain the cells. The 
30 cells were stimulated with serum for 24 hours at 37^C. 
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Following serum-stimulation, RASMC cells were quenched with 
hydrogen peroxide (0.3% H2O2 in methanol) for 30 min at 4«C. The cells 
were then denatured with 0.5 ml 2N HCI for 20 min at room temperature. 
Horse semm (0.5 ml) was used to block the cells at 4"C for 30 min up to -16 
5 hours. 

The RASMC cells were stained first by treating the cells with anti-BrdU 
(primary) antibody at room temperature for 60 min. The cells were washed 
with phosphate-buffered saline (PBS) and stained with biotinylated affinity- 
purified anti-mouse IgM (Pierce. USA) secondary antibody. The cells were 
10 counterstained using avidin-biotinylated enzyme complex (ABC) kit (Pierce 
USA). 

The ratio of proliferatlngrnon-proliferating cells was determined by 
counting stained cells under a microscope. Proliferating RASMCs will 
incorporate BrdU and will stain brown. Non-proliferating cells do not. 
1 5 incorporate BnJU and will stain purple. 

Referring to Figure 64 there is shown a ribozyme v iiich cleaves the site A 
referred to as HH-A. Substitutions of abasic moieties ;, . place of U4 as shown 
In Figure 65 provided active ribozyme as shown in Figure 66 using the above- 
noted rat aortic smooth muscle cell proliferation assay. 

20 The method of this invention generally features HPLC purification of 

ribozymes. An example of such purification is provided below in which a 
synthetic ribozyme produced on a solid phase is blocked. This material is 
then released from the solid phase by a treatment with methanolic ammonia, 
subsequently treated with tetrabutylammonium fluoride, and purified on 

25 reverse phase HPLC to remove partially blocked ribozyme from "failure" 
sequences. Such "failure" sequences are RNA molecules which have a 
nucleotide base sequence shorter to that of the desired enzymatic RNA 
molecule by one or more of the desired bases in a random manner, and 
possess free terminal 5'-hydroxyl group. This terminal 5*-hydroxyl in a 

30 ribozyme with the correct sequence is still blocked by lipophilic dimethoxytrityl 
group. After such partially blocked enzymatic RNA is purified, it is deblocked 
by a standard procedure, and passed over the same or a similar HPLC 
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reverse phase column to remove other contaminating components, such as 
other RNA molecules or nucleotides or other molecules produced in the 
deblocking and synthetic procedures. The resulting molecule is the native 
enzymatically active ribozyme in a highly purified fonri. 

5 Below are provided examples of such a method. These examples can 

be readily scaled up to allow production and purification of gram or even 
kilogram quantities of ribozymes. 

Example 85: HPLC Purification. Reverse-Phase 

In this example solid phase phosphoramidite chemistry was employed 
10 for synthesis of a ribozyme. Monomers used were 2*-f-butyl-dimethylsilyl 
cyanoethylphosphoramidites of uridine, AZ-benzoyl-cytosine. A/-phenoxyacetyl 
adenosine, and guanosine (Glen Research. Sterting. VA). 

Solid phase synthesis was carried out on either an ABI 394 or 3808 
DNA/RNA synthesizer using the standard protocol provided with each 

15 machine. The only exception was that the coupling step was increased from 
10 to 12 minutes. The phosphorami 'itft concentration was 0.1 M. Synthesis 
was done on a 1 jimoi scale using a 1 ^imoi RNA reaction column (Glen 
Research), The average coupling efficiencies were between 97% and 98% 
for the 394 model and between 97% and 99% for the 3808 model, as 

20 determined by a caiorimetric measurement of the released trityl cation. The 
final 5'-DMT group was not removed. 

After synthesis, the ribozymes were cleaved from the CPG support, and 
the base and phosphotriester moieties were deprotected in a sterile vial by 
incubation in dry ethanolic ammonia (2 mL) at 55 ^'C for 16 hours. The 
25 reaction mixture was cooled on dry ice. Later, the cold liquid was transferred 
into a sterile screw cap vial and lyophilized. 

To remove the 2'-f-butyldimethylsilyl groups from the ribozyme the 
obtained residue was suspended in 1 M tetra-n-butylammonium fluoride in dry 
THF (TBAF). using a 20-fold excess of the reagent for every silyl group, for 1 6 
30 hours at ambient temperature. The reaction was quenched by adding an 
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equal volume of a sterile 1 M triethylamine acetate. pH 6.5. The sample was 
cooled and concentrated on a SpeedVac to half of the initial volume. 

The ribozymes were purified in two steps by HPLC on a C4 300 A 5 jim 
DeltaPak column in an acetonitrile gradient. 

5 The first step, or "trityl on" step, was a separation of 5'-DMT-protected 

ribozyme(s) from failure sequences lacking a 5'-DMT group. Solvents used 
for this step were: A (0.1 M triethylammonlum acetate, pH 6.8) and B 
(acetonitrile). The elution profile was: 20% B for 10 minutes, followed by a 
linear gradient of 20% B to 50% B over 50 minutes. 50% B for 10 minutes, a 
10 linear gradient of 50% B to 100% B over 10 minutes, and a linear gradient of 
1 00% B to 0% B over 1 0 minutes. 

The second step was a purification of a completely deprotected, i.e. 
following the removal of the 5'-DMT group, ribozyme by a treatment with 2% 
trifluoroacetic acid or 80% acetic acid on a C4 300 A 5 jim DeltaPak column in 
15 an acetonitrile gradient. Solvents used for this second step were: A (0.1 M 
Triethylammonium acetate. pH 6.8) and B (80% acetonitrile, 0.1 M 
triethylammonlum acetate, pH 6.8). The elution profile was: ..7o B for 5 
minutes, a linear gradient of 5% B to 15% B over 60 minutes. 15% B for 10 
minutes, and a linear gradient of 15% B to 0% B over 10 minutes. 

20 The fraction containing ribozyme, which is in the triethylammonium salt 

form, was cooled and lyophilized on a SpeedVac. Solid residue was 
dissolved in a minimal amount of ethanol and ribozyme in sodium salt form 
was precipitated by addition of sodium perchlorate in acetone. (K^ or Mg^^ 
salts can be produced In an equivalent manner.) The ribozyme was collected 

25 by centrifugation, washed three times with acetone, and lyophilized. 

Example 86: RNA and Rib ozyme Deprotection of Exocvcltc Amino Protecting 

Grwpg Uglnq gthylgming (EA) 

The polymer-bound oligonucleotide, either trityl-on or off, was suspended 
in a solution of ethylamine (EA) @ 25-55 °C for 10-30 min to remove the 
30 exocyclic amino protecting groups (see Figure 67). The supernatant was 
removed from the polymer support. The support was washed with 1.0 mL of 
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EtOH:MeCN:H20/3:1:1. vortexed and the supernatant was then added to the 
first supernatant. The combined supernatants. containing the 
oligoribonucleotide, were dried to a white powder. 

Table EVIl is a summary of the results obtained using the improvements 
5 outlined in this application for base deprotection. From this data It is evident 
EA at 55° for 10 m or 40° for 10 m is efficient. The HPLC peak structure is 
almost identical between these schemes, and the yield for the ethylamine 
deprotected oligos is actually slightly better than the methylamine. 

The second step of the deprotection of RNA molecules may be 
10 accomplished by removal of the 2*-hydroxyl alkylsilyl protecting group using 
TBAF for 8-24 h (Usman et al. J. Am. Chem. Soc. 1987. 109, 7845-7854). 
Applicant has determined that the use of anhydrous TEA»HF in N- 
methyipyrrolidine (NMP) for 0.5-1.5 h @ 55-65 "C gives equivalent or better 
results. 

15 The following are examples of preferred embodiments of the present 

invention. Those in the art will recognize that these are not limiting examples 
but rather are provided to guide those in the art to the full breadth of meaning 
of the present invention. Routine procedures can be used to utilize other 
coupling regions not exemplified below. 

20 Ribozymes were synthesized in two parts and tested without ligation for 

catalytic activity. Referring to Fig. 72, the cleavage activity of the half 
ribozymes containing between 5 and 8 base pairs stem lis at 40 nM under 
single tumover conditions was comparable to that of the full length oligomer 
as shown in Figs. 73 and 74. The same half ribozymes were synthesized with 

25 suitable modifications at the nascent stem II loop to allow for crosslinking. The 
halves were purified and chemically ligated. using a variety of crosslinking 
methods. The resulting full length ribozymes (see Fig. 71) exhibited similar 
cleavage activity as the linearly synthesized full length oligomer as shown in 
Fig. 74. 



wo 96/18736 



PCTAJS95/15516 



130 

Example 87 

Referring to Fig. 70 the 5' half of a hammerhead ribozyme was provided 
with a ribose group. This was oxidatively cleaved with Nal04 and reacted with 
the 3* half of the ribozyme having an amino group under reducing conditions. 
5 The resulting ribozyme consisted of the two half ribozyme linked by a 
morpholino group. 

One equivalent of (200 micrograms) of 5' half hammerhead with a 3'OH 
and 5 equivalents (1000 micrograms) of 3* half with 5' CS-NHg all with HH-A 
were used in this reaction. The limiting oligonucleotide was oxidized first with 

10 3.6 equivalents of sodium periodate for sixty minutes on ice in DEPC water 
quenched with 7.2 equivalents of ethylene glycol for 30 minutes on ice and the 
5 equivalents of the amino oligo added. 0.5 Molar tricine buffer, pH 9, was 
added to provide 25 millimolar final tricine concentration and left for 30 
minutes on ice. 50 equivalents of sodium cyanoborohydride was then added 

15 and the pH reduced to 6.5 with acetic acid and reaction left for 60 minutes on 
ice. The resulting full length ribozyme was then purified for further analysis. 

Exc...iple 88: Amide Bond 

Referring again to Fig. 70 and 71 , a 5' half of ribozyme was provided with 
a carboxyl group at its 2* position and was coupled with an amine containing 
20 3* half ribozyme. The provision of a coupling reagent resulted in a full-length 
ribozyme having an amide bond. 

Example 89; Pisvlfidg Bond 

Referring to Fig. 70 and 71. 250 micrograms of RPI3881 and 250 
micrograms of RPI3636 half ribozyme were separately deprotected with 
25 dithiothreitol ovemight at 37''C. They were mixed together at 1:1 mole ratio in 
a 100 mM sodium phosphate buffer at pH 8 and 4M copper sulfate and 0.8 
mM 1,10-phenanthroline (final concentrations) was added for two hours at 
room temperature (20-25°C) and the resulting mixture gel purified. The 
overall purification yield of full length ribozyme was 30%. 

30 To make internally-labeled substrate RNA for trans-ribozyme cleavage 

reactions, a 1.8 KB region (containing site A) was synthesized by PGR using 
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primers that place the T7 RNA promoter upstream of the amplified sequence. 
Target RNA was transcribed, using T7 RNA polymerase, in a standard 
transcription buffer in the presence of {a-32p]CTP. The reaction mixture was 
treated with 15 units of ribonuclease-free DNasel, extracted with phenol 
5 followed chloroform:isoamyl alcohol (25:1). precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \i\ DEPC- 
treated water and stored at -20''C. 

Unlabeled ribozyme (200 nM) and Internally labeled 1.8' KB substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 

10 cleavage buffer (containing 50 mM Tris-HCI pH 7.5 and 10 mM MgCl2) by 
heating to 90"C for 2 min. and slow cooling to 37*C for 10 min. The reaction 
was Initiated by mixing the ribozyme and substrate mixtures and incubating at 
37»C. Aliquots of 5 |il were taken at regular time intervals, quenched by 
adding an equal volume of 2X fomfiamlde gel loading buffer and frozen on dry 

15 Ice. The samples were resolved on 5% polyacrylamide sequencing gel and 
results were quantitatively analyzed by radloanalytic imaging of gels with a 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). 

Few antiviral drrg therapies are available that effectively inhibit 
established viral infections. Consequently, prophylactic immunization has 
20 become the method of choice for protection against viral pathogens. 
However, effective vaccines for divergent viruses such as those causing the 
common cold, and HIV, the etiologic agent of AIDS, may not be feasible. 
Consequently, new antiviral strategies are being developed for combating 
viral infections. 

25 Gene therapy represents a potential altemative strategy, where antiviral 

genes are stably transferred into susceptible cells. Such gene therapy 
approaches have been termed 'intracellular immunization" since cells 
expressing antiviral genes become immune to viral infection (Baltimore. 1988 

Nature 335, 395-396). Numerous forms of antiviral genes have been 
30 developed, including protein-based antivirals such as transdominant inhibitory 
proteins (Mallm et al., 1993 J. Exp. Med.. Bevec et al.. 1992 P.N.A.S. (USA) 
89. 9870-9874; Bahner et al.. 1993 J. Virol. 67. 3199-3207) and viral-activated 
suicide genes (Ashom et al., 1990 R/V.>4.S.(USA) 87, 8889-8893). Although 
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effective in tissue culture, protein-based antivirals have the potential to be 
immunogenic in vivo. It is therefore conceivable that treated cells expressing 
such foreign antiviral proteins will be eradicated by nomial immune functions. 
Alternatives to protein based antivirals are RNA based molecules such as 
5 antisense RNAs, decoy RNAs, agonist RNAs. antagonist RNAs. therapeutic 
editing RNAs and ribozymes. RNA is not Immunogenic; therefore, cells 
expressing such therapeutic RNAs are not susceptible to immune eradication. 

Example 90: nflf^jgn and con stmction of U6-S3S Chimflr^ 

A transcription unit, termed U6-S35, is designed that contains the 
1 0 characteristic intramolecular stem of a S35 motif (see Figure 76). As shown in 
Figure 77, 78 and 79 a desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of U6-S35 chimera. This construct is under the control of a 
type 3 pol III promoter, such as a mammalian U6 small nuclear RNA (snRNA) 
promoter (see Fig. 75). U6-S35-HHI and U6-S35-HHII are non-limiting 
1 5 examples of the U6-S35 chimera. 

As a no i= ,)iting example, applicant has constnjcted a stable, active 
ribozyme RNr. driven from a eukaryotic U6 promoter (Fig. 78). For stability, 
applicant incorporated a S35 motif as described in Fig. 76 and Fig. 77. A 
ribozyme sequence is inserted at the top of the stem, such that the ribozyme is 

20 separated from the S35 motif by an unstructured spacer sequence (Fig. 77, 
78, 79). The spacer sequence can be customized for each desired RNA 
sequence. U6-S35 chimera is meant to be a non-limiting example and those 
skilled in the art will recognize that the stnjcture disclosed in the figures 77. 78 
and 79 can be driven by any of the known RNA polymerase promoters and are 

25 within the scope of this invention. All that is necessary is for the 5' region of a 
transcript to interact with its 3' region to form a stable intramolecular structure 
(S35 motif) and that the S3S motif is separated from the desired RNA by a 
stretch of unstructured spacer sequence. The spacer sequence appears to 

improve the effectiveness of the desired RNA. 

10 By "unstructured" is meant lack of a secondary and tertiary structure such 

as lack of any stable base-paired structure within the sequence itself, and 
preferably with other sequences in the attached RNA. 



wo 96/18736 



133 



PCT/US95/13S16 



By "spacer sequence" is meant any unstructured RNA sequence that 
separates the S35 domain from the desired RNA. The spacer sequence can 
be greater than or equal to one nucleotide. 

In Vitro Catslvtic Activity of U6-S35-Ribo2v me Chimar^.,- 

5 U6-S35-HHI ribozyme RNA was synthesized using T7 RNA polymerase. 

HHI RNA was chemically synthesized using RNA phosphoramidite chemistry 
as described In Wincott et al.. 1995 Nucleic Acids Res. The ribozyme RNAs 
were gel-purified and the purified ribozyme RNAs were heated to SS^C for 5 
min. Target RNA used was -650 nucleotide long. Intemally-32p.|abeled 

10 target RNA was prepared as described above. The target RNA was pre- 
heated to 37«C in 50 mM Tris.HCI. 10 mM MgCIa and then mixed at time zero 
with the ribozyme RNAs (to give 200 nM final concentration of ribozyme). At 
appropriate times an aliquot was removed and the reaction was stopped by 
dilution in 95% formamide. Samples were resolved on a denaturing urea- 

1 5 polyacrylamide gel and products were quantitated on a phospholmagei®. 

As shown in Figure 80, the U6-S35-HHI ribozyme chimera cleaved its 
target RNA as efficiently as a chemically synthesized HHI ribozyme. In fact, it 
appears that the U6-S35-HHI ribozyme chimera may be more efficient than 
the synthetic ribozyme. 

20 Accumulatinn of UB-S.-^/j- ribozyms trananri ptti 

An Actinomycin D assay was used to measure accumulation of the 
transcript in mammalian cells. Cells were transfected overnight with plasmids 
encoding the appropriate transcription units (2\ig DNAAvell of 6 well plate) 
using calcium phosphate precipitation method (Maniatis et al., 1982 Molecular 
25 Cloning Cold Spring Harbor Laboratory Press, NY). After the overnight 
transfectlon, media was replaced and the cells were incubated an additional 
24 hours. Cells were then incubated in media containing S^ig/ml Actinomycin 
D. At the times indicated, cells were lysed in guanidinium isothiocyanate, and 

total RNA was purified by phenol/chloroform extraction and isopropanol 
30 precipitation as described by Chomczynski and Sacchi. 1987 Anal. Biochem., 
162, 156. RNA was analyzed by northen blot analysis and the levels of 
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specific RNAs were radioanalyticaly quantitated on a phospholmager®. The 
level of RNA at time zero was set to be 100%. 

As shown in Figure 81, the U6-S35-HHII ribozyme shown in Figure 79 is 
fairly stable in 293 mammalian cells with an approximate half-life of about 2 
5 hours. 

Example 91: Design and construction of VA1-S35 Chimera 

Refering to Figure 83A, In order to express ribozymes from a VAI 
promoter, applicant has constructed a transcription unit consisting of a wild 
type VAI sequence with two modifications: a "SSS-like" motif extends from a 
10 loop in the central domain (Figure 82); the 3' terminus is changed such that 
there is a more complete interaction between the 5' and the 3' region of the 
transcript (specifically, an "A-C" bulge is changed to an 'A-U base pair and the 
termination sequence is part of the stem of S35 motif). 

Accumulation of VAI -SSS-ribozyme transcripts 

15 ' An Actinomycin D ay was used to measure accumulation of the 
transcript in mammalian cells as described above. As shown in Figure 84. the 
VA1-S35-chimera, shown in Figure 83A. has approximately 10- fold higher 
stability in 293 mammalian cells compared to VA1 -chimera, shown in Figure 
25B that lacks the intramolecular S35 motif. 

20 Besides ribozymes, desired RNAs like antisense. therapeutic editing 

RNAs. decoys, can be readily inserted into the indicated U6-S35 or VA1-S35 
chimera to achieve therapeutic levels of RNA expression in mammalian cells. 

Sequences listed in the Figures are meant to be non-limiting examples. 
Those skilled in the art will recognize that variants (mutations, insertions and 
25 deletions) of the above examples can be readily generated using techniques 
known in the art, are within the scope of the present invention, 

DiaqpostiC US9S 



Ribozymes of this invention may be used as diagnostic tools to examine 
genetic drift and mutations within diseased cells or to detect the presence of 
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stromolysin, B7-1, B7-2, B7-3 and/or CD40 or other RNAs in a cell. The close 
relationship between ribozyme activity and the structure of the target RNA 
allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA, By using 
5 multiple ribozymes described in this invention, one may map nucleotide 
changes which are important to RNA structure and function in vitro, as well as 
in cells and tissues. Cleavage of target RNAs with ribozymes may be used to 
inhibit gene expression and define the rote (essentially) of specified gene 
products in the progression of disease. In this manner, other genetic targets 

1 0 may be defined as important mediators of the disease. These experiments will 
lead to better treatment of the disease progression by affording the possibility 
of combinational therapies (e.g., multiple ribozymes targeted to different 
genes, ribozymes coupled with known small molecule inhibitors, or 
intermittent treatment with combinations of ribozymes and/or other chemical or 

1 5 biological molecules). Other in vitro uses of ribozymes of this invention are 
well known in the art, and include detection of the presence of mRNAs 
associated with B7-1, B7-2, B7-3 and/or CD40 or other RNA related 
conditions. Such RNA is detected by determining the presence of a cleavage 
product after treatment with a ribozyme using standard methodology. 

20 In a specific example, ribozymes which can cleave only wild-type or 

mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second ribozyme 
will be used to identify mutant RNA in the sample. As reaction controls, 
synthetic substrates of both wild-type and mutant RNA will be cleaved by both 

25 ribozymes to demonstrate the relative ribozyme efficiencies in the reactions 
and the absence of cleavage of the "non-targeted" RNA species. The 
cleavage products from the synthetic substrates will also serve to generate 
size markers for the analysis of wild-type and mutant RNAs in the sample 
population. Thus each analysis will require two ribozymes, two substrates 

30 and one unknown sample which will be combined into six reactions. The 
presence of cleavage products will be determined using an RNAse protection 
assay so that full-length and cleavage fragments of each RNA can be 
analyzed in one lane of a polyacrylamide gel. It is not absolutely required to 
quantify the results to gain insight Into the expression of mutant RNAs and 



wo 96/18736 



PCTAUS95/15516 



136 

putative risk of the desired phenotypic changes in target cells. The expression 
of mRNA whose protein product is implicated in the development of the 
phenotype (/.e., B7-1, B7-2, B7-3 and/or CD40) is adequate to establish risk. If 
probes of comparable specific activity are used for both transcripts, then a 
5 qualitative comparison of RNA levels will be adequate and wiil decrease the 
cost of the initial diagnosis. Higher mutant fomi to wild-type ratios will be 
correlated with higher risk whether RNA levels are compared qualitatively or 
quantitatively. 

Other embodiments are within the following claims. 
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Characteristics of Ribo^ymoe 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 

Binds 4-6 nucleotides at 5' side of cleavage site 
Over 75 known members of this class. Found in Tetrahvmena 
thermophila rRNA. fungal mitochondria, chloroplasts. phage T4 
blue-green algae, and others. ^• 

RNAseP RNA (Ml RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA 
precursors to fonm mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 

Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage 

Binds a variable number nucleotides on both sides of the cleavage 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the Infectious agent (Figure 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Re^quires the target sequence GUC immediately 3' of the cleavage 

Binds 4-6 nucleotides at 5* side of the cleavage site and a variable 
number to the 3* side of the cleavage site. vdnaoie 
member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle vims) which uses RNA as the infectious 
agent (Figure 3), 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully detennined 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 
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Neurospora VS RNA RIbozyme 
Size: -144 nucleotides (at present) 

Cleavage of target RNAs recently demonstrated. 
Sequence requirements not fully determined. 
Binding sites and stmctural requirements not fully detemiined. 
1 known member of this dass. Found in Neurospora VS RNA 
(Figure 5). 
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Table All: Human Str^TTnftlvsin Hammftrhftarf T^rgftt Sequence 
nt 

Pogition Sequence SEQ. ID IMP 



20 


UAGAGCUAAGUAAAO0C3C 


ID. 


. ND. 


01 


126 




ID. 


NO. 


02 


147 




ID. 


NO. 


03 


171 




ID. 


NO. 


04 


240 


AAAIX3CAGAAGUUC 


id'. 


NO. 


05 


287 


GACACUaX3GAGGU3AtXXX3G^^ 


ID. 


NO. 


06 


327 




ID. 


NO. 


07 


357 




ID. 


NO. 


08 


402 




ID. 


NO. 


09 


429 


CUGUUGAUCmSCUGUUGftGA 


ID. 


MD. 


10 


455 




ID, 


NO. 


11 


513 


CUGAUAUAAUG/V 


ID. 


NO. 


12 


592 




ID, 


NO. 


13 


624 




ID. 


NO. 


14 


67' 




ID. 


NO. 


15 


725 


CACUC3^QOZAACAaJGA 


ID. 


NO. 


16 


801 




ID. 


NO, 


17 


827 


CU2UAIJQG»mXXimJGACUDaXU 


ID. 


NO. 


18 


859 




ID. 


NO. 


19 


916 




ID. 


NO. 


20 


958 




ID. 


NO, 


21 


975 




ID. 


NO. 


22 


1018 




ID. 


NO. 


23 


1070 




ID. 


NO. 


24 


1203 




ID. 


NO. 


25 


1274 




ID. 


NO. 


26 


1302 




ID. 


NO. 


27 


1420 


CXXIAAAroCAAAG 


ZD. 


NO. 


28 


1485 




ID. 


NO. 


29 


1623 




ZD, 


NO. 


30 


1665 


GCUOCUQCUIJMC 


ZD. 


NO. 


31 
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1733 0^?OM3ftCAA3UGAC^ ID. NO. 32 

1769 CUUAUUUAAIJA ID. NO. 33 
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T s fcle AlU: Human Stromelvsin HH T arget ft^ ^^llT 
nt 

Positi<Mi Target Sequence Seq. ID. NO. 

GCafiG3C30V GfiGflCASCAIBGfiGC ID. ^D. 34 

21 GCAiaGftGfiCAflCftUA GRQCmSGUAAW3QC ID. ^D. 35 

27 A3BC3«CRLK3AOaJA J«Etf»O0C3«JG3A ID. ^D. 36 

31 MOmGRGCUMGUA AflGCCfiGUGaAAUS ID. NO. 37 

S (5X3GAAA03A«3ftGUC OUOCRMXXUAaxaj ID. NO. 38 

S GGAAfllXaflGRGUOJU OCSWttmBCUGCXJG ID. NO. 39 

56 GAAHX3A?GW3UaXJC CAMm»ai3UU3C ID. NO. 40 

61 GAMMmroCAAIJC CGRCOajUOCUGUGC ID. IC. 41 

64 CamrUUXAAUOOJA OJGUCJXUaxmjG id. bO. 42 

® wx^caNxrufiOJGuu GCUQuaosuoacaa; id. no. 43 

85 oaxsusaaxaacaouu uocucsmiBms^ id. no. 44 

86 COS : 3XXXX3aXJ GCUCBQOCUMJOCAU ID. NO. 45 
90 (mcOGfiGOXXSCUC AQOCURIXraCUOGA ID. NO. 46 

96 cftoxjuxixaQacuA uocMwasAUQGfioc id. no. 47 

98 auroax3vQcajRLc gruuqgalqgbgojg id. no. 48 

QOXSGOOaUXAUU QSAU3C3flGCU3C3tfG ID. NO. 43 

CROaaCAUSAflCCUCJ Cira«3ftAALIAUCUA ID. NO. 50 

CBQCaUSWmWSUU CM3AAAIMXIJ»GAA ID. NO. 51 

MCHOSMOCWXjUCC ASAAfllDmiRGAAA ID. NO. 52 

153 fCCXXXJIXXSMSJk UafflGRAAAajROA ID. NO. 53 

OKjaxxaGAAMaix: iBGRAAftamisoG id. no. 54 

157 tmx^GAAALWXXIA GAAftftOOCURCGftC ID. NO. 55 

AMCmaGAAAACUA CU?«33?m]CAAAAA ID. NO. 56 

168 AtCUfiGAAAflCUnajA 03fiOCXX3vAAAAAGA ID. ND. 57 

^''^ MftOaOaOSPiCax: AAAAAAGAUoUGftM ID. NO. 58 

^5 AflGAraCAWOOXJ UGUUfiGGBGAAflGGA ID. NO. 59 

196 PGfiJJJ&MCPaXJU GUUSGSGAAAQSC ID. NO. 60 
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199 




ID. 


ND. 


61 


200 




ID. 


NO. 


62 


218 


;^GAAAGGAaV3UQC9UC OmmJAAAAAAA. 


ID. 


NO. 


63 


223 


QGaOGUQGUOCmXJ GUUAAAAAAAUGCXS^V 


ID. 


NO. 


64 


226 


GAGOSGUGCmmXJ AAAAAAAUGCKS^GAA 


ID. 


NO. 


65 


227 


AGUOGUXUGUUGUUA AAAAAMJOOGftGAAA 


ID. 


NO. 


66 


235 


UGUUGUUAAAAAAAIX: OSftGAAAlJGCaGA^G 


ID. 


NO. 


67 


252 


G?O^AAIJQC»GAW3UU (XIJUQGALIUQGA03U 


ID. 


ND. 


68 


253 


A^AAAIJGCT^GAAGUCX: OUUGGAUUQGAOGUa 


ID. 


NO. 


69 


256 




ID. 


NO. 


70 


261 




ID. 


ND. 


71 


285 




ID. 


NO. 


72 


293 


CUGGACODOQACAax: XJJSMJ3J3m0O3CPi 


ID. 


NO. 


73 


325 


GCCCfiGGUGUGGAGUU CTUSAIJGCXJGSUCftC 


ID. 


NO. 


74 


326 


OOCMGUGUGGftGUUC CUGAUGUUOGUGftOJ 


ID. 


NO. 


75 


334 


a3GPaXJ0CUGALmJ GGUCACUraGAACC 


m. 


NO. 


76 


338 


GUUOCXJGALGUUQGUC XIJa»3AAGCUUUC 


ID. 


NO. 


77 


342 


aXSMJGUUQGUCAOXJ CTGAAai]UU0CU3G 


ID- 


NO. 


78 


343 




ID. 


NO. 


79 


351 


GUCACUUCMAAOCUU IXXIJQQCMXraSAA 


ID. 


ND. 


60 


352 


UCACUUCSGAACXUUU OOJQQCMrCXDGMG 


ID. 


NO. 


81 


353 


CACUUCAGAAa:XJUUC aX333AlX330GAMU 


ID. 


NO. 


82 


361 


AA0aXXJ0aJG3CAUC OOGMGUQGMGAAA 


ID. 


NO. 


83 


385 




ID. 


NO. 


84 


386 


^^GAAAAGCCACrUUA CAUACAGGAUUGUG^ 


ID. 


NO. 


85 


390 




ID. 


NO. 


86 


397 


OCUUTO^UAO^SGAIXJ GUGAAOUAUMIAOCA 


ID. 


NO. 


87 


404 


UAC»3GAUUGUGAALXJ ALJ?kCA0C3^G»UCXJ^ 


m. 


NO. 


88 


405 




ID. 


NO. 


89 


407 


;^33AIJCX3UGAA[XJMJA CftCCftGftUUUGOCAA 


ID. 


NO. 


90 


416 


AAUU7mZftOC3^GALU U30C3^AAfiGAIJGaJG 


ID. 


NO. 


91 


417 


AIJLMJTy^OIAS^^ QOCAAAMAUGCraJ 


ID. 


NO. 


92 


433 




ID. 


NO. 


93 


437 




ID. 


^D. 


94 


438 




ID. 


NO, 


95 


445 


USUUGAUUCUOCUGUU GftGAAAGCUCUGAAA 


ID. 


NO. 


9c 
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455 




ID. ND. 97 


463 


GftMCXXXIXaAAflGUC UQQGAAGMGOGAaj 


ID. ND. 98 


479 




ID. 99 


484 


^^^SAQGas^mxaajc AcmjcuocaaacuG 


ID. NO. 100 


489 




ID. ND, 101 


490 




ID. ND, 102 


492 




ID. ND. 103 


501 


CAiwzroc3«ruGUA ugamgwgagqcxjga 


ID. ND. 104 


518 


^SW^QSAGflOQCUGAUA UAAtX3AUCXX3XJUUG 


ID. ND- 105 


520 


^^QGM?m:XJGftl^ AUGATXmxXXISCA 


ID. ND. 106 


526 


QQCU3ft]jBO«03A^ IXmXJQCAGUOftGA 


ID. ND. 107 


528 


(^x^PWumjsMXJx: uuucbcmuuagaga 


ID. ND. 108 


530 


GAIMJAATEAraJCUU UUQCaGUmGaGMC 


ID. ND. 109 


531 




ID. ND. 110 


532 


^^t?^^JI?^^^tJ2AL^^ GCAGUU?£5AGAACAU 


ID. ND. m 


538 


GAIXU:iJUUU3CA3UU A3P^a5J0033M^ 


ID. ND. 112 


539 


AtX^tXZimjSCSmJA GAGAACAtOGftGAOJ 


ID. ND. 113 


555 




ID. ND. 114 


556 


^CMCAraSAGAOXXJ UftOruuUUGWUQGA 


ID. ND. 115 


557 




ID. ND. 116 


558 


AACAtm^GACUUCXjA OTlXJUCXaroGACC 


ID. ND. 117 


563 


^32wsAcuuuu?m:iij uugauosaoijqgaa 


ID. ND. 118 


564 




ID. ND. 119 


565 


^^^^^^CmJUftOXU^ GftDQG3mX3GAAAU 


ID ND v?n 


583 




m m 


584 




ID. ND. 122 


585 




ID. ND, 123 


597 


^^J^^u33oacALxmjA uaooocosQocxaos 


ID, ND. 124 


616 


<XCU30Q0CAG3SAUU AAraSMMJGOCC^C 


ID. ND. 125 


617 




ID. ND. 126 


633 




ID, ND. 127 


634 


^^3Sa^3AL13CXX3^^ GAIJGMJSALIGAACAA 


ID. hD. 128 


662 


^^^'^^^^^^^GftCAAAOC^^ OVAOaSGAOCAAUJ 


m. ND. 129 


677 




ID. ND. 130 


678 


^^^^^^'^^^^^^^ AijuuaximscuGc 


ID. ND. 131 


679 


^^^^^CAGQGACCAAIJUUA UUUCUCOJUOCUaCU 


ID. ND. 132 
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681 




ID. NO 


. L33 


682 


MQGftOCAAIXXJAUUU aXX3XJQCIX30UCAU 


ID 


. ND 


134 


683 


QQSftoaMxxMJcxr: uoGUoaerocucMJG 


ID 


NO. 


135 


685 




ID. 




136 


688 


cAAimmmmj ocixmMJGAAArxj 


ID. 


^D. 


137 


695 


^XmmjGOJGCUC MXSAAWJUGGCXaaJ- 


ID, 




138 


703 


U3CUQCUCRIJGAAAUU Q9CrACUOCriI3QQU 


ID. 




139 


711 


AU3AAA£XX3GaZftax: OCOOOGUaXIJUUCA 


ID. 


w. 


140 


719 


QOOCROXXXUGOQUC lXXUJC3C3JC?«rA 


ID- 


MD. 


141 


721 




ID, 


ND. 


142 


723 


Aaxxru33GU2ucuu ra^cucMocs^cftC 


ID, 


ND. 


143 


724 


CU3CXDU3QGUCUaXJU CAOJCWSrAACAOJ 


ID. 


NO. 


144 


725 




ID. 


ND. 


145 


729 




ID. 


ND. 


146 


746 




ID. 


NO. 


147 


747 




ID. 


ND. 


148 


753 


cuGMOimaDGUA ax3mi3Aucaajc 


ID. 


ND. 


149 


760 




ID. 


ND. 


150 


762 




ID. 


ND. 


151 


764 




ID. 


ND. 


152 


768 




ID. 


ND. 


153 


772 




ID. 


ND. 


154 


785 


CW^^^^CfiG?^^ Q3Cm330CUGUCUC 


ID. 


ND. 


155 


789 


CAGftOIJGftamStXJ CDOOOIIXmJCAAGA 


ID. 


^D. 


156 


790 


A3ftCm3ACCX33QUUC CimXSUCUCMGftU 


ID. 


ND. 


157 


798 


<IXDQGUUGCX3GGUGUC IX3\;^3AIX3AUAI]AA;v 


ID. 


ND. 


158 


800 


GSGcnocxxnjGcxix: aagaugaumjaaaijg 


m. 


ND. 


159 


809 


CXJCmxaftSftlXSAU^ UAAADOOCAUUCRGU 


ID. 


ND. 


160 


811 


C«:^tXMGALX3A[JMJA MIJQKAUUCMUCDC: 


ID. 


ND. 


161 


820 




ID. 


ND. 


162 


821 




ID. 


ND. 


163 


825 


^^MKJ33CNJUCPaOC OCXXIJBVroGMCUDC 


ID, 


ND. 


164 


829 


ixocMwaGuo^ uRuaGaacuoDccEu 


ID, 


ND. 


165 


831 




ID, 


ND. 


166 


839 




ID. 


ND. 


167 


849 




ID. 


ND. 


168 
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QUO 




ID. 




XOj 






ID. 


• 


x/u 


887 






Nn 


x/x 






XL/* 


I>IU« 


1*79 
X /Z 








Mn 


1 / J 






TD 




X / *■ 






Tn 










TH 

IXJ* 




X /Q 






xu* 


IMU* 


17*7 
X/ / 


Qdn 




xu. 




J./0 


2rft / 




Tn 

xu. 


Mr\ 


no 
X/7 






xu. 


WJ. 


ioU 






XU. 




1 Q1 

XoX 


QiZQ 




XU. 


NJ. 


Xoz 






Tn 
XU* 


Mn 


XoJ 






TT> 
XU* 




Xo4 










XOD 


98^ 




Tn 

XU* 




■LOO 






Tn 




ID / 






Tn 

XjJ. 






loon 




Tn 

XU. 




XO^ 






TT^ 
XU. 


lv*J. 


1 Qn 
Xi7U 






Tn 
XU. 


NJ. 


Xi?X 






Tn 
XU. 


NJ, 


1 oo 




a.ArVTT5aMTYY^aT¥¥l /^T¥*TTT¥T'*TkT¥¥¥T^ 


Tn 


w. 


XS7J 


lUJU 




1 1 V 
ID. 


NO. 


194 


1032 




ID. 


NO. 


195 


1 (T^A 


T¥Tar*lir¥¥TlhrKTT*T¥T nM¥ YYTyyOIkT t't T* 


Tn 
XU. 


NJ, 


X^O 


XwJS 


f yy^rTTwy^xrrTy^yy* aT¥¥¥ ryyVHryT yt T 


TT^ 
UJ* 




1 0*7 


XUjo 


AuUUGALXIXIUZAUU UXSQOCaIXIXUUOC 


ID* 


NO. 


198 


1039 




ID. 


lOD. 


199 


1040 




m. 


NO. 


200 


1047 




ID. 


bJD. 


201 


1049 


IX^mmmuCUC UUXUIX»0305U33 




NO. 


202 


1051 


AUUCXJOQCCAUCUCUU 0ajUC?O303UQC3ftU 


ID* 


^D. 


203 


1052 


uuuuoaocALJCuim: cuucaqgdguggaug 


ID. 




204 
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1055 uoaccpixjjaxxxjjj oGoaGUOGftum; m. no. 205 

1056 GGocsmcuroawc laxxsixssNxxxxx: m. no. 206 

1074 GOXGGAUaOOaCAUA UGAMUUfiOBQCAA ID. NO. 207 

1081 im33CMJMX3AAGUU ACUMX3ttGS«rUC ID. NO. 208 

1082 GOOaCAUftUSAW^XlA CUSGZAMOflOCOOS ID. NO. 209 " 

1085 acMJKX5Majjpcijn acaAssmjosaocj id. no. 210 

1096 Ufia»GCA«33MCUC GUUUOCNJOUUUAAA ID. NO. 211 

1059 lBGC3UCGfiOCiraw UJCAUUUXAAAQGft H). NO. 212 

HOO MCAMGACXXraw; XJCPaXXUMf03M. m. no. 213 

HOI GCAA33ftOaximjU CAIXXXXnAMSS^ ID. NO. 214 

1102 CAMSACajOaxXXJC AUUUOUAAAOGaAAU ID. NO. 215 

1105 GSACnmwmjCMJU UUUAA«33AAADCAA ID. NO. 216 

1106 c3AocuoGO[m:?mj id. no. 217 

1107 Aocrocmwawjaj uaamsaaaucaaiju id. no. 218 

1108 CDXCtXJUXIfltXXAXJ AAMGAAflLCAADUC ID. NO. 219 

1109 CmawXCROCWXJA AflGGAAMX3»UUaj ID. NO. 220 
1118 ADUlXJUAAftaSAAMJC AAUUaxnXXaUCA ID. NO. 221 
U22 aJMAOSAAMJCAAUU CU3a3CXa0C3V3?G3 ID, NO. 222 
1123 UAAA3GAAAUCAMJUC USOGOCRtJCflGAGGA ID. NO. 223 
11^2 VClMilXXXXXXJCNJC ASflQSAAMJGfiGGClA ID. NO. 224 
H^'^ CAGflOGAAMXaGGGA aaGCU33fiUnOCCA ID. NO. 225 
1158 JmjRasmjQGfiDA CaaflGftSQCAUOCA ID. NO. 226 

H'^i AUAoocMGfloacaix: caammoGuuuc id. no. 227 

1180 foxwccpcKcajfi GcmraxxxMcc id. no. 228 

1184 AarwaoOOUROaaj UOOCUOGAflOOGUGA id. no. 229 

1185 ux^ococraocmj arcxrafloooucsBG m. no. 230 
11^6 ocRomiBmwc ocuxamosugbos id. no. 231 

H^O AOXUKmWXCUC CMOOGUGflOSAAAA ID. NO. 232 

1207 AAOa^XSMGAAAAUC GMJOCftGOCAIXJUOJ ID. NO. 233 

1219 AA«23flU3CB03CMW CJOXSMJAflGGAAAAG ID. NO. 234 

1220 flJOGMXX3>OCCMJX3 CUGAUAMGAAAMA m. NO. 235 
1^1 VCGMJCXSGCCNXXX: «3M3A»03AN«GAA ID. NO. 236 
1226 GCflOOaucmJGALR ACX?y«ttGMCAAAA ID. NO. 237 

AAAAGAACAAAflCMlA UCTOXmBGAOSA ID. NO. 238 

1^4*^ AAGW£:AAAACNmj UCUUUGURGflOaCA ID. NO. 239 

1248 AGAAZAAAACAimXJ OmsmGlflGGftCAA ID. NO. 240 
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1249 


QAACAAAACAUAUUCC UUUGUM3M3GACAAA 


ID. 




241 


1251 




ID. 


ND. 


242 


12S2 


CAAAACAUAIJUCJOXXJ GUAG;?U3GACAAAUAC 


ID. 




243 


1255 




ID. 




244 


1266 




ID. 


ND. 


245 


1275 




ID. 


ND. 


246 


1276 




ID. 


ID. 


247 


1292 


GAUGAGAAGAGAAAUU CXZAIJOG^^OCCAOXXJ 


ID. 


ND. 


248 


3293 


AUG?iGAM3AGAAAUUC C3m}»3CCAOQCUU 


ID. 


ND. 


249 


1308 


OC^OXXyy^OCKSGOXJ UXCAAOCAAAUAOC 


ID. 


ND. 


250 


1309 


CADaOAGOIMCXmj OOCAAGC^AAUAGOJ 


ID. 


ND. 


251 


1310 


AU3C»G0CAGQaXXC OCAAOCMAUAGaJG 


ID. 


ND. 


252 


1321 


CUUUOXSlftGCAAAUA CTIJSAAGACUUUCCA 


ID. 


ND. 


253 


1332 


AAAUAOCUSAAGAOXJ IXJCAOQGALXIGAax: 


ID. 


ND, 


254 


1333 


AAUAGCUGAAGAOXJU Cr»OQGAUUG?CUCA 


ID. 


ND. 


255 


1334 


AUAOCUSAAGAOm: CAOGGALXXSACUCAA 


m. 


ND. 


256 


1342 


ASACOUOrAOCmXJ gaojcaaasauugau 


ID. 




257 


1347 


UUCCAG33AUUGAar AAAGAUUGALXXXX3U 


ID. 


ND. 


258 


1354 


GAUa3^VaJCAAAGAUL; G^m:iX3CmJUGAA 


ID. 


ND. 


259 


1363 


AAAGAUUGAIXrUSUU UUUGAAGAAUUUGQS 


lo. 


ND, 


260 


1364 


AAGAUaSAUGCUGCJUU UUGAAGAAUUUQQGCJ 


ID. 


ND. 


261 


1365 


i^GAUUGAUGOJGUUUU USA^VjAAimmXJ 


ID. 


ND. 


262 


1366 


GAUUjAUXUGUUUUU GA^GAAUUUQQGUUC 


ID. 


ND. 


263 


1374 


OJGUUUUUGAASAALJU U3Q3UUaUUUUAIJ0U 


ID. 


ND. 


264 


1375 


UGUJJUUSAAGAALm GSSUUCUUUUAUUUC 


ID. 


MD. 


265 


1380 


UUGAMARUUUQQSUU CXJUUAIJUUCLJUCM: 


ID 

XL.' . 


ND 




1381 


lJ3APGAArjUUQ3oUUC UUUUAUUUCUJUAaJ 


ID. 


ND. 


267 


1383 


AAGAAUUUgOGUUCUU aJAUUUJJUUAQJSS 


m. 


ND. 


268 


1384 


AGAAIXJUQQGUUCUUU UAUUUCUUUACUGGA 


m. 


ND. 


269 


1385 


GAAIXJUQQGUUOJUUU AUOUOJUaACUGoWJ 


ID. 


ND. 


270 


1386 


AAimmmmjA omjuuAcrasAo: 


ID. 


ND. 


271 


1388 


uuarxsuuaxwuAUU uaiuuAcoQGAijaja 


ID. 


ND. 


272 


1389 


amsuuojuocpijuu cuuuAOjoGAiJcua: 


ID. 


ND. 


273 


1390 


uoocsutrnjuimxr uuuTooiAimrA 


ID. 


ND. 


274 


1392 


QcmiiJuuuMJUimj imjoGAixmiTiCA 


ID. 


ND. 


275 


1393 


GUtmimJUUOJUU AOXSGAlXm^CAC 


ID. 


ND. 


276 
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1394 


imxxjuwuuucuuuA axxsMjoi^JCPCPOJ 


ID. 


NO. 


277 


1401 




ID. 


^D. 


278 


1403 


irnxxjAcuGGATJOJu ooomyojuuG 


ID. 


ND. 


279 


1404 




ID. 


ND. 


280 


1410 


^^J^CS^IXWCICJ^ G3AGUUIJGAO0CAAA 


ID. 


ND. 


281 


1416 


CUUCACftGUUGGAGUU UGflOOCAAAIXKAAA 


ID. 


^D. 


282 


1417 


UraCAGUUQGAGUUU Qm3^AflIX3CAAAG 


ID. 


NO. 


283 


1448 




ID. 


NO. 


284 


1449 


AAGUGACACACAOJUU GM^SAGCMOmJG 


ID. 


NO. 


285 


1457 


CACACUUUGAMAQUA AOmxmXlAAIXJ 


ID. 


NO. 


286 


1468 


G?OJAACW3CU3GC3UU AAIXJGUUGAAAGAGA 


ID. 


ND. 


287 


1469 




ID. 


MD. 


288 


1472 


AACAGCXX3QCUUAALIU GUCXSAAAGftGALMJG 


m. 


NO. 


289 


1475 


A3CUQGCUUAAUUGUU GAAW3AGMJ?mJ7^ 


ID. 


NO. 


290 


1485 




ID. 


ND. 


291 


1489 




ID. 


NO. 


292 


1501 


tX3U?\GAA03aO^AIA UGQGCACUUUAAAUG 


ID. 


NO. 


293 


1510 




m. 


NO. 


294 


ISll 




ID. 


NO. 


295 


1512 


CAAU7m3QCW::iJUUA AAIX3AAGCUAAUAAU 


ID. 


NO. 


296 


1522 




ID. 


NO. 


297 


1525 


UUAAAlXSAMCUWtfJA AIXX^JUCAOOJAAG^ 


ID. 


NO. 


298 


1S28 


AAUSAAGOUAAUAMXJ OXJCAaXMGUCUC 


ID. 


ND. 


299 


1529 


AIX3AAXUAM3AALXJC UUCAO^UAAGUCUCIJ 


ID. 


NO. 


300 


1531 




ID. 


NO. 


301 


1532 


AAOOAAUAAIXJGUUC imiAAGUCUCUGUG 


ID. ^^D. 302 


1537 




ID. 


NO. 


303 


1541 


Aijcxijuc^a:^^ uoxsjgaaixgaamj 


ID. 


ND. 


304 


1543 


tCUUIAOCUAAGUCUC UGUG?VAUUGAAALJGU 


ID. 


NO. 


305 


1551 


UAMLmXGUGAAUa GAAAUGUUOSUUUUC 


ID. 


NO. 


306 


1559 


tx^^SAAUUGAAWuGUo osuuuuaxxmxu 


ID. 


NO. 


307 


1560 


GUGAAUUGAAM3GCXJC GUUUUCUCXXJXXIIS 


ID. 


NO. 


308 


1563 


AAUUGAAMJGUCXmj imXXXXXJCUGUGC 


ID. ND. 


309 


1564 


AUCEAAAIX3UUDGLWU UOmJOCJCUGUQCU 


ID. NO. 310 


1565 


UlCAAADGCXmmj CUDOUOOCUGUGCXC 


ID. 


NO. 


311 


1566 




ID. 


NO. 
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1568 AAAU3UXI50UUJCUC OXaOCUQUOOUGUGA ID. NO. 313 

^6 OOCU3UXU3U3fiax: GfOJCPOOJCMaS BD. NO. 314 

UWJSUSACUDSMXX: ACfiOraftOaGAflOJ ID. NO. 315 
1S97 GAOXIWCUacAax: AMacSAACUUGflGOS ID. NO. 316 

ACACXXaAGQGAflCUU GftGCEUGAftUCOGCR ID. NO. 317 
Afla«3fiGCXSX»MX: UGUftUC«JG033GUC ID. NO. 318 
«3BQOaXSAftUCU3UA U3W3CX33GCJCWUaj ID. NO. 319 

foccaxsfMjojjjKx: woccosxxjtxjoa m. no. 320 

aXXSAftOaxSUMJOUU OOOOGUCauuoUURD ID. NO. 321 

ojsuAKmxoaax: AucmnusuuMXA m. no. 322 

UAraxX3003GUCMXJ tXJUAIXSUUAUUnCfiG ID. NO. 323 
^^'^ AIXXWSOOQGUCMWU UUftLJGUUAUUaiCAGG ID. ^D. 324 

«3JU3CC)QGU3mJU tRUSUUMmaOQS ID. NO. 325 

couaacGQcxatxjuuo AOGUuMxacnGOQc id. no. 326 

«X3aoaGCXaiWXJUA USUUNXBCMQQCA id. no. 327 

asaxaimjunraju AixacftoaacauucA m. no. 328 

1645 03W3ttmXJMX3UUA UmCBQCa3CauUCAA id. no. 329 

^^"^ IXIAOmftLCUUAUU ACAGOQCflUUDVAAlJ ID. NO. 330 

CAtJ«XJU?«3«JMJUA CAG33CMJaZAAMJG ID. NO. 331 

^^"^ GuuAuuTooacxauu cAAMmnmjGc m. no. 3 :v 

UUMXBOQQOCMXX: AAAU33aamjQCU ID. NO. 333 

AAMJ3QOcu3aimj AGoxjQGBcruim: m. no. 334 
AMmsoxsaxmjA ocouscsocuuguca id. no. 335 

axu3amx»Gcuu ocBcarajcacALiA id. no. 335 

Qomxmsamxj GwacatMfiGUGAu id. no. 337 

ufiGcmxaoaxm: JOUfiGBoxsmju m. no. 338 

^^^^ tasmrorfiCAUA GMusmxwrcA m. no. 339 

GWaCttBGftOXSMX: UJaXCAAGflGAAOG ID. NO. 340 

™ GfiCAUWSaxSAIXIXJ «XI3U«aGAflGQQG ID. NO. 341 

^''^^ ACAUMaaxsflimw oocamsgamqcsga m. no. 342 

^"'^^ CMMftoxsmxw: aay^sacsAMooGAA m. no. 343 

"^"^ A3AAQQC33«GCAax: (SJOXSCMCfCfCM. m. NO 344 

1751 CWaCAflOXSACraJA UraGUBGflOWJU ID. NO. 345 

^"^^^ GfiCAAGUSflCLGCftW: a3UXD^GAaRUUU3 m. NO. 346 

^''^^ usAoruMmzcuA GaajAijuuQcuuAuu id. no. 347 

•^''^ GUAUZUXGUKSAOJA UUUQCXJUAUUUAAUA m. NO. 348 
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l/OO 


^^^^^^^^^^^^^^^'^^^^ IXrimXJUAAUAAA 


ID. 


NO. 


349 


I/O/ 


^^^3J:^J:ajnGACUMW O^mJUUAAUAAAG 


ID. 


NO. 


350 


1 7^1 

-Lf /I 


"^^^^^^^^^^^^^ ALXJU?UUJBU^A3AG3A 


m. 


ND. 


351 


1 T70 


^^^^^^^^^^^'^^^U^^ UUUAAUAAAGACXMJ 


ID. 


ND. 


352 


1.1 1*^ 




ID. 


ND. 


353 


1775 


'^'^'^^^'^WJUSCUjWXXJ AAUAAflGAOSAUUUG 


ID. 


ND. 


354 


1776 




ID. 


NO. 


355 


1779 


^'^^^^3ajJKJXa'M3h MCXSINJJ33JCPG 


ID. 


ND. 


356 


1788 


^^^JWtfRA«3fia3AIXJ UGCJCfiGUUSUUUU 


ID. 


NO. 


357 


1789 




ID. 


ND. 


358 


1792 


^^"'^AflGBaSArxXJGUC A3UUGUUUU 


ID. 


NO. 


359 



nt 



Position TaisetSequenoe Seq.ID.NO. 

« cu?«:u Gw (mwrnmaGU m. no. 36o 

22 uaacA oxj imxsmxwrcA m. no. 36i 

132 AAflCA OXJ U3UUR03flGAAftQGA m. igD. 362 

430 AU3CU GW GWJUCUGCUGUUGAG ID. NO. 363 

442 Omj OXJ GftGRAMCOOJGAAA m ^D. 364 

''^^ "=»CA G»c axsfaxxsaxxrac m. no. 365 

1360 ATOCU GttJ imSAflGAAUWJQQG id. NO. 366 

1407 tcflCA CaaOMCflOXAAA m. NO. 367 



W0 96/187M PCT/US9S/15516 

TPbte AV; Hmnan HH Rjbozvme Seoupn^ 

Ribozyiiie Sequence q_„ ^r* 

Position. ™- 

10 G0W3UCUC CWSaVAGAflCACGAAAGOGCG^ ID.NO.375 

21 UUAGCXIC OKWWtfXXXXAMGOXX^ AUSUOOT ID,N0.376 

168 GAGGDCG CTOAWSAGQCXXSAAAGOCCGAA AG0AC3UU ID.N0.377 

616 COCCAOTJ C0GAU3AGGCCX3AAAG(3CO3AA AUCCOIS ID.N0.378 

617 UCUCCAU CUGAUGAGCXXGAAMGCX3GAA AAUCCCU ID.N0. 379 

633 CAUCAOCA COGAMAGCAaSAAAGWSCGAA AGUGGC3CA ' ID.NO.380 

634 UOVUCADC COQAAGAGCACGAAArSUCSCQAA AAGUGC3GC I0.NO.381 
662 CCUG0W3 OXSMKAGGCOGAAAGCSCCGAA AtXX:UUU ID.N0.382 
711 ACCCAGG COGAUGAGGCOCyuVAGGCCGAA AGUGGCC ID.NO^BSJ 
820 GGGACOG COGAOGAGQCCGAAAOGCCGAA AUGCCAU ID.N0.384 
883 «:aaSAGG CUCyuVGAGCAOGAAAGOaxiAA AC^^ ID.N0.385 
947 CCCCOCA CTX3AUGAGGCCGAAAGGCXXSAA AGUQCUG ID.N0.386 
996 CCUGACW aX»UGAGGCCCauvAQ(XCGAA AUWXX^ ID.N0.387 
1123 UGGCCCA CUGAWSAOSCaSAAAGGCCGAA AAUUGAU ID.N0.388 
1132 UUUCCUCU CUGAUGAGCACGAAAGUGCGAA AOGGCCCA ID.N0.389 
U?l CCUUAUCA COGAAGAOCACGAAAGUGOGAA AAAUGGCU ID.No'390 
1266 «:WXaUS CW3A0SA0G(XGAAAGaXXJAA AU^^ ID. NO. 391 
1275 OCUCAIXaV COGMGAGCACGWUtfH^^ 1D.N0.392 
1334 AUCCOXS COGAU3AGGOCGAAAGGCCX3AA AAACUCU ID.N0.393 
1354 CAGCAOC CraVU3AGGCCX5AAADC3Caywi AOCUUUG ID.N0.394 

UCUUCAAA CW3MXSAGCACGAAAGCX3CGAA ACAGCAUC ID.No!395 

AAACUCC OXSAUaAGGCCGAAACSCSCCGAA ACUGUCav n3.NO.396 



1363 
1410 
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Table AVI: Rabbit Stromelysin HH Ribozyrae Target Sequence 



nt Target Sequence 

Position 



18 


CAAGGCAU 


C 


AAGACAGC 


29 


GACAGCAU 


A 


GAGOX^ 


39 




A 


AAOCCAAU 


61 


UGAAAACU 


C 


UOCCAACC 


63 


AAAACUCU 


U 


CCAACCXrU 


64 


AAACUCUU 


c 


CAACCCUG 


75 


ACCCOGCU 


A 




93 


GUGGCGO; 


V 


OC5CUCAGC 


94 


UGGCGCUU 


u 


GCUCAGCC 


98 


GCUUUGCU 


c 


AGCCUAUC 


104 


CUCAGCCU 


A 


UCCACOGG 


106 


CAOCCUAU 


c 


CACUGGAU 


122 


UQGAGCXJU 


c 


AAGGGAUG 


153 


AUGGACOJ 


u 


CUCICAGCA 


154 


UQGAOCUU 


c 


UUCAGCAA 


156 


GACCOCXrU 


u 


CAGCAAUA 


157 


ACOJUCUU 


c 


AGCAAUAU 


164 


UCAGCAAU 


A 


UCUSGAAA 


166 


AGCAAUAU 


c 


IX3GAAAAC 


176 


GGAAAACU 


A 


CUACAACC 


179 


AAACUACU 


A 


CAACCOOG 


186 


UACAACCU 


U 


GAAAAAGA 


206 


GAAACAGU 


U 


UGUUAAAA 


207 


AAACAGOU 


u 


GUUAAAAG 


210 


CAGUUUGU 


u 


AAAAGAAA 


211 


AGOUUSUU 


A 


AAAGAAAG 


226 


AGGACAGU 


A 


GCJCCtXSUU 


229 


ACAGUAGU 


C 


COGUUGUU 


234 


AGOCCUSU 


u 


GUUAAAAA 


237 


GCOGUUUU 


u 


AAAAAAAU 


238 


CXXXJOGOU 


A 


AAAAAAUC 


246 


AAAAAAAU 


c 


CAAGAAAU 


263 


GCAGAAGU 


u 


CCUtXX3CU 


264 


CAGAAGOU 


c 


CUUOGCUU 


267 


AAGUIXXU 


u 


GGCUUGGA 


272 


CCUUGGCU 


u 


QGAGGUGA 


296 


GCUGGACU 


c 


CAACACCC 


315 


GAGGUG^U 


A 


CBCAAGCC 


336 


UGU3GCGU 


u 


CCUGADGU 


337 


GUQGCGOU 


c 


CUGAUGUU 



nt Target Sequence 

Position 



345 


COXSAUGU 


U 


GGOCACUU 


349 


AUGUUGGU 


C 


ACUUCAGU 


353 


UCXWCACU 


U 


CAGUACCU 


354 


GGUCACUU 


c 


AGUACCUU 


358 


ACUUCAGU 


A 


CCUUCCCU 


362 


CAGUACCU 


U 


CCCOGGCA 


363 


AGUACCUU 


c 


CCUGQCAC 


391 


CAAAAACU 


c 


ACCUAACU 


396 


ACUCACCU 


A 


ACUUACAG 


400 


ACCUAACU 


U 


ACAGGAUU 


401 


CCUAACUU 


A 


CAGGAUUG 


408 


UACAGGAU 


U 


GUGAAUUA 


415 


UUGUGAAU 


U 


ACACACCG 


416 




A 


CACACCGG 


427 


CACCGGAU 


C 


UGCCAAGA 


444 


GAUGCUGU 


U 


GAUGCUGC 


456 


GCUGCCAU 


u 


GAGAAAGC 


466 


AGAAAGCU 


c 


UGAAOGUC 


474 


CUGAAGGU 


c 


UGGGAGGA 


490 


AGGUGACU 


c 


CACUCACG 


495 


ACUCCACU 


c 


ACGUUCUC 


500 


ACUCACGU 


u 


CUCCAGGA 


501 


CUCACOJU 


c 


UCCAGGAA 


503 


CACXIUUCU 


c 


CAGGAAGU 


512 


CAGGAAGU 


A 


UGAAGGAG 


531 


GCUGACAU 


A 


AUGAUCUC 


537 


AUAAtXSAU 


C 


UCUUUUGG 


539 


AAUGAUCU 


c 


UUUUGGAG 


541 


UGAUCUCU 


u 


UUGGAGUC 


542 


GAUCUCOU 


u 


UGGAGUCC 


543 


AUOJOJUU 


u 


GGAGUCCG 


549 


UUUGGAGU 


c 


CGAGAACA 


565 


AUGGAGAU 


u 


uuAUirccu 


566 


UGGAGAUU 


u 


UAUUCCUU 


567 


GGAGAUUU 


u 


AUUCCUUU 


568 


GAGAUUUU 


A 


UUCCUUUU 


570 


GAUUUUAU 


u 


CCUUUUGA 


571 


AUUUUAUU 


c 


CUUUUGAU 


574 


UUAUUCCU 


u 


UIX3AU0GA 


575 


UAUUCCUU 


u 


UGAUGGAC 
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576 


AUUCCOUU U GAUGGACC 


905 


594 


C5GAAADGXJ U UUGGCUCA 


918 


595 


GAAAUGUU U UGGCUCAU 


928 


596 


AAAUGUUU U GGCUCAUG 


934 


601 


UUUUGGO; C AUGCUUAU 


938 


607 


CUCAIK3CU U AUGCACCU 


941 


608 


UCAUGCOU A UGGACXrUG 


942 


627 


CCAGGAAU U AAtJGGAGA 


951 


628 


CAGGAAUU A AUOGAGAU 


958 


644 


USCCCACU U UGAUGAUG 


972 


645 


GCCXACUU U GAtXSAUGA 


973 


673 


CAAAOGAU A CAACAOQA 


977 


688 


GAACCAAU U UAUUCCUU 


978 


689 


AACCAAUU U AUUCXJUUG 


980 


690 


ACCAAUUU A UIXXUUGU 


981 


692 


CAAUUUAU U CCUUGUUG 


982 


693 


AAUUUAUU C COUGUUGC 


992 


696 


UUAUtXXTJ U GUUGCUGC 


994 


699 


UUCCUOGU U QCUGCUCA 


995 


706 


UUC3CUQCU C AUGAGCUU 


996 


714 


CAUSAGCU U QGCCACUC 


1007 


722 


IXXXXACU C COXSGGUC 


1011 


730 


CCOXJGGU C UGUUUCAC 


1017 


734 


GGGUCUGU U UCACUCXSG 


1018 


735 


GGUCUGOU U CACUCGGC 


1020 


736 


GUCUGUUU C ACUCGGCC 


1031 


7/ • 


GUUUCACU C GGCCAACC 


1032 


r 


GCU3A3DGU A CXTAGUCU 


1033 


111 


UACCCAGU C UACAACGC 


1036 


773 


CCCAGtrU A CAACGCCU 


1037 


782 


CAACGCCU U CACAGACC 


1041 


783 


AACGCCUU C ACAGACCU 


1043 


800 


GGCCCGGU U CCGCCUUU 


1045 


801 


GCCCXX^UU C CGCCUUUC 


1046 


807 


UUCCGCCU U UCaCAAGA 




808 


UCCGCCUU U CUCAAGAU 




809 


CCGCCUUU C DCAATiAtlf: 


iUDO 


811 


GCCUUUCU C AAGAUnATT 


XUoU 


831 


GAOaOCAU C CAAUCCCU 


1062 


836 


CAUCCAAU C CCUCUAUG 


1063 


840 


CAAUCCCU C UAUGGACC 


1066 


842 


AUCCCUOJ A UGGACCGG 


1067 


860 


CCCIX3CCU C UCCUGAUA 


1085 


862 


OJOXXO C COGAUAAC 


1092 


868 


CUCCUGAU A ACUCUGGA 


1093 


872 


UGAUAACU C UGGAGUGC 


1095 


883 


GAGIXSCCU A UGGAACCU 


1096 


894 


GAACCUGU C CCUCCAGG 


1105 


898 


CUGUCCCU C CAGGAUCU 


1110 



^XXAGGAU C UGGGACCC 
ACCCCAGU C AUGTOUGA 
tJGUGUGAU C CAGAUCUG 
AUCCAGAU C UGUCCUUC 
AGAUCUGU C CUUCGAUG 
UCUroCCU U CGAUGCAA 
CUGUCCUU C GAUGCAAU 
GAIX3CAAU C AGCACUCU 
UCAGCACU C UGAGGGGA 
GGAGAAAU U CUGUUCOU 
GAGAAAUU C UGUtXWJU 
AAUUCUGU U CUUUAAAG 
AUUCtXSUU CUUUAAAGA 
UCIX3UUCU U UAAAGACA 
CUGUUCUU U AAAGACAG 
WUUCUUU A AAGACAGG 
AGACAGGU A UUUCUGGC 
ACAGGUAU U UCUGGCGC 
CAGGUAUU U CUGGCGCA 
AGGUAUUU C UGGCGCAA 
GCGCAAGU C CCUCAGGA 
AAGUCCCU C AGGAUUCU 
CUCAGGAU U CUCGAACC 
WiZAGGAUU C UCGAACCU 
AGGAUUCU C GAACCUGA 
ACCUGAGU U UCAUUUGA 
CCICAGUU U CAUUUGAU 
CUGAGUUU C AUUUGAUC 
AGUUUCAU U UGAUCUCU 
GUUUCAUU U GAUCUCUU 
CAUUUGAU C UCUUCAUU 
UUUGA'JCU C UUCAUUCU 
U3AUCUCU U CAUUCUGG 
GAOCIXHJU C AUUCUGGC 
CUCUIXIAU U CUGGCCAU 
IXrUlJCAUU C UGGCCAUC 
CtJGGCCAU C UCUUCCUU 
GGCCAUCU C UUCCUUCA 
CCADCUCU U CCUUCAGC 
C\UCUCUU C CUUCAGCA 
CJCJIXXU U CAGCAGTC 
UCUtXXUU C AGCAGUOG 
USOXXAU A UGAAGUUA 
UAtXIAAGU U AUUAGCAG 
AUGAAGW A UUAGCAGG 
GAAGUUAU U AGCAGGGA 

AAGUUADU A GCAGQGAU 

GCA3GGAU A CUGUUUUC 

a^uXcixHj u uucAuuuu 
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AUACUGUU U UCAUUUUU 1374 

1112 UACUGUUU U CAUUUUUA 1375 

1113 ACOSUUUU C AUUUUUAA 1376 

1116 GUUUUCAU U UUUAAAGG 1377 

1117 UUUUCAUU U UUAAAQGA 1385 

1118 UUtXrAUUU U UAAAGGAA 1386 

1119 UUCAUUUU CJ AAAGGAAC 1391 

1120 UCAUUUUU A AAGGAACU 1392 
1129 AAGGAACU C AGUUCUGG 1393 

1133 AACUCAGU U CUGGGCCA 1394 

1134 AOXIIAGUU C UGGGCCAU 1395 

1143 UGGGCCAU U AGAGGAAA 1397 

1144 GOGCCAUU A GAGGAAAU 1399 
1158 AAUGAGGU A CAAGCUGG 1400 

1168 AAGCUGGU U ACCCAAGA 1401 

1169 AGCUGGUU A CCCAAGAA 1403 
1182 AGAAGCAU C CACACCCU 1404 

1195 CCCUGGGU U UCCCUUCA 1412 

1196 CCUGGGUU U CCCUUCAA 1414 

1197 CUGGGUUU C CCUUCAAC 1415 

1201 GUUUCCCU U CAACCAUA 1421 

1202 UUUCCCUU C AACCAUAA 1427 
1209 UCAACCAU A AGAAAAAU 1428 
1218 AGAAAAAU U GAUGCUGC 1458 

1230 GCUSCCAU U UCUGAUAA 1459 

1231 CUGCCAUU U CUGAUAAG 1460 

1232 UGCCAUUU C UGAUAAGG 1478 
1237 UUUCUGAU A AGGAAAGG 1479 
1256 GAAAACAU A CUUCUUUG 1480 

1259 AACAUACU U CUUUGUGG I486 

1260 ACAUACUU C UUUGUGGA 1487 

1262 AUACUUCU U UGUGGAAG 1498 

1263 UACUUCUU U GUGGAAGA 1500 
1277 AGACAAAU A CUGGAGGU 1519 

1286 CUGGAGGU U UGAUGAGA 1520 

1287 UGGAGGUU U GAUGAGAA 1521 
1304 GAGACAGU C CCUGGAGC 1522 

1319 GCCAGGCU U UCCCAGAC 1532 

1320 CCAGGCUU U CCCAGACA 153 5 

1321 CAOGCUUU C CCAGACAU 1538 
1330 CCAGACAU A UAGCAGAA 1539 
1332 AGACAUAU A GCAGAAGA 1546 

1343 AGAAGACU U UCCAGGAA 1547 

1344 GAAGACUU U CCAGGAAU 1553 

1345 AAGACUUU C CAGGAAUU 1554 

1353 CCAGGAAU U AAUCCAAA 1561 

1354 CAGGAAUU A AUCCAAAG 1571 
1357 GAAUUAAU C CAAAGAUC 1574 
1365 CCAAAGAU C GAUGCUGU 1575 



PCTAJS9S/1SS16 



GAUGCUGU U UUUGAAGC 
AUGOXSUU U UUGAAGCA 
W5CUGUUU U UGAAGCAU 
OCUGUUUU U GAAGCAUU 
U3AAGCAU U UGGGUUUU 
GAAGCAUU U GGGUUUUU 
AUUUGGGU U UUUCUAUU 
UUUGGGUU U UUCUAUUU 
U^^SQGUUU U UCUAUUUC 
USQGUUUU U CUAUUUCU 
GGGUUUUU C UAUUUCUU 
GUUUUUCU A UUUCUUCA 
UUUUCUAU U-UCUUCAGU 
UUUCUAUU U CUUCAGQG 
UUCUAUUU C UUCAGUGG 
CUAUUUCU U CAGUGGAU 
UAUUUCUU C AGUGGAUC 
CAGUGGAU C UUCACAGU 
GUGGAUCU U CACAGUCG 
UGGAUCUU C ACAGUCGG 
UUCACAGU C GGAGUUUG 
GUCGGAGU U UGACCCAA 
UCGGAGUU U GACCCAAA 
ACACAUGU U UUGAAGAG 
CACAUGUU U UGAAGAGC 
ACAUGUUU U GAAGAGCA 
CAGCUGGU U UCAGUGUU 
AGCUGGUU U CAGUGUUA 
GCUGGUUU C AGUGUUAG 
UUCAGIK3U U AGGAGGGG 
UCAGUGUU A GGAGGGGU 
AGGGGU3U A UAGAAGGC 
GGGUGUAU A GAAGGCAC 
AUGAAU3U U UUAAAUGA 
IJ3AAUGUU U UAAAUGAA 
GAAIX;UUU U AAAUGAAC 
AAUSUUUU A AAUGAACC 
AUSAACCU A AUUGUUCA 
AACCUAAU U GUUCAACA 
CUAAUU3U U CAACACUU 
UAAUU3UU C AACACUUA 
UCAACACU U AGGACUUU 
CAACACUU A GGACUUUG 
UUAGGACU U UGUGAGUU 
UAGGACUU U GUGAGUUG 

U^'GUGAGU U GAAGUGGC 
PACJGOOJ C AUUUUCUC 
USGCJCAU U UUCUCCUG 
GGCJCAUU U UCUCCUGC 
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1576 

1577 

1579 

1586 

1602 

1604 

1620 

1622 

1624 

1633 

1634 

1641 

1644 

1645 

1653 

1654 

1670 

1671 

1675 

1681 

1685 

1701 

1702 

1720 

1723 

1744 

1749 

1751 

1759 

1760 

1762 

1763 

1770 

1771 

1773 

1774 

1775 

1778 

1787 



GCUCAUUU 
CtXIAUUUU 
CAUUUtXU 
UCOXSCAU 
AIX3QGAAU 
C3GGAAUCU 
AACUSUGU 
OXSUGUAU 
GUGUAUCU 
ACtXSGACU 
CUQGACUU 
UUGCACAU 
CACAUCOT 
ACAtXXSUU 
ACOOGUGU 
CGOGUGUU 

axxxxscu 

UGCTGCUU 
GCOUAGCU 
CUUGGACU 
CACOtXSAU 
ACXSGACCU 
GGGAGCUU 
GGGGAAGU 
GAAGUAOJ 
CGAGUGAU 
GAU^. 

UIX ' hZU 
AtXWQGAU 
UGUGGAUU 
CX3GAUUAU 
GGAUUAUU 
UUGCCCAU 
UGCCCAUU 
CCCAUUAU 
CCAOOAUU 
CADUADUU 
UAUUUAAU 
AAGAOGAU 



U CUCCUGCA 
C UCCUGCAU 
CUGCAUAU 
UOCUGUGA 
IXXSAGCAU 
GAOCAUGA 
UCUAACOG 
UAACOGGA 
ACUGGACa 
U tXSCACAXX: 
U GCACACXX3 
C GUUACQG6 
U ACOQGOGO 
A OGGCjUSUU 
U CAAACAGG 
C AAACAOGC 
U AGCUUGCA 
A GCUUGCAC 
U GCACUUGA 
U GAUCACAU 
C ACAUGGAA 
U CCAOGAGA 
C CACGAGAC 
A aXAUGUG 
C AUGUGUGA 
U GUGUCOAU 
C UAUGOGGA 
A IXIUGGAUU 
U AUUUGCXX: 
A OTTOCCCA 
U UGCCCAUU 
U GCCCAUUA 
U AUUUAADA 
A UUUAAUAA 
U UAAUAAAG 
U AAUAAAGA 
A AUAAAGAG 
A AAGAGGAU 



U UGUCAADU 
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Table AVII: Rabbit Stromelysin HH Ribozyme Sequence 



nt Ribozyme Sequence 
Position 

18 GCUGUCUU COGAUGAGGCCGAAAOGCCGAA AUGCCUUG 

29 CUCAGCUC OXSAOSAOGCCGAAAGGCCGAA AUGCUQUC 

39 AUUGGCUU aX3AUGM3GCCGAAAOGCCGAA ACUCAGCU 

61 QGUUGGAA CUGAUCSM9GCXX3MAOGCCGAA A5UUUUCA 

63 AGGGUUGG aX».lX3A0GCCG?VAAGGCCGAA AGAGUUUU 

64 CAGGGUtX; OXSAIXSAOGCCGAAAGGCCGAA AAQAGUUU 
75 CACAGCAG aXSA(X3AG0CCGMA0GCCGAA AGCAOGGU 

93 GCOGAGCA OWAUGAOGCXXSAAAOGCCGAA AGCGCCAC 

94 GGO^SAGC CIXSAIISAGGCXGAAAQGCCGAA AAGCGCCA 
98 GAtlAGGCU OXUUXSAOGCCGAAACXXXGAA AGCAAAGC 
104 CCAGUOGA OXSAIXSAGGCCGAAAOGCCGAA AGGCUGAG 
106 AtXX:AGUG CUQWGAGGCCGAAM3GCCGAA AXJAOGOJG 
122 CAUCCCUU CUGAUGAOGGCGAAAGGCCGAA AGGCUCCA 

153 UGCOGAAG CUGADSAGGCOSAAAGGCCXSAA AGGUCCAU 

154 UUGCUGAA OJGAXX^GGCCGAAAGGCCGAA AAGGUCCA 

156 UAUUGOX; CUGAtXMGGCOGAAAGGCCGAA AGAAGGUC 

157 AUAUUGOJ CCJGAOSAGGCCGAAAGGCCXSAA AAGAAGGCT 
164 UUUCXAGA OXSAIXSAGGCCGAAAGGCXXSAA AUUGCLXSA 
166 GUUUUCCA CUGAIX3AGGCCGAAAGGCCGAA AUAUUGOJ 
•176 GGUUGUAG OXSAtXWSGCCGAAAOGCCGAA AGUUUUCC 
179 CAAGGUUG axy«X3AGGCCGAAA0GCCGAA AGUAGUDU 
186 UCUUUUUC CUGAOGAGGCCGAAAGGCCGAA AGGUUGUA 

206 UUUUAACA CUGAXKSAOGCOSAAAGGCCGAA ACUGUUUC 

207 CUUUUAAC CDGADGAOGCOGAAAGGCXXSAA AACUGUUU 

210 UUUCUUOU COGAXIGAOGCCGAAACGCCGAA ACAAACUG 

211 CUUUCUUU CUGyUX^AOGCCGAAAOGCCDGAA AACAAACU 
226 AACAOGAC OIGAXXlAaGCXX^AAA^SOCCGAA ACUGUCCO 
229 AACAACAO OISAUGAOGCCGAAAOGCCXSAA ACUACUGU 
234 UUUUUAAC CUGAUGA(3GCCGAAA0GCCGAA ACAGGACU 

237 AUUUUUUU C0GAIX3A0GCXXaU^AGGCX:GAA ACAACAGG 

238 GAUUUOUU CTOAUGAOQCCGAAAGGCCGAA AACAACAG 
246 AOUUCUUG OXSAUGAOGCXXaAAAGQCCGAA AUUUUUUU 

263 AGCCAAGG CUGAUGAOGCCGAAAGGCCGAA ACUUOXX: 

264 AAGCCAAG OXSAUGAGGCCGAAAOGCCGAA AACUUCUG 
267 UCCAAGCC CUGAOGAGGCXXAAAOGCCGAA AGGAACUU 
272 UCACOXX: CUGAUGAGGCCGAAAOGCXX3AA AGCCAAGG 
296 GGGUGUUG CUGAUGAGGCCGAAAOGCCGAA AGUCCAGC 
315 GGCUUGCG CUGAUGAGGCCGAAAGGCCGAA AUCACOX! 

336 ACAUCAGG CtlGAUGAGQCCGAAAGGCCGAA ACGCCACA 

337 AACAUCAG OXy^llGAGGCCGAAAOGCCGAA AACGCCAC 
345 AAGUGACC CIXSAUGAGGCCGAAAGGCOGAA ACAUCAGG 
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349 ACOGAAGU CUGAt>GA0GCCX3AAAGGCCGAA ACCAACAU 

353 AGGUACOG CUSAUGAGGCCGAAAGGCCGAA AGUGACCA 

354 AAGGUACU CUGAUGAGGCCGAAAGGCCGAA AAGUGACC 
358 AGGGAAGG CUGAUGAGGCXX3AAAGGCCGAA ACUGAAGU 

362 UGCCAOGG OX^AUGAGGCCXSAAAGGCXiXSAA AGGUACUG 

363 GUGCCAGG CUGAUGAGGCCGAAAGGCOGAA AAGGUACU 
391 AGUUAGGU CtWAOGAGGCCGAAAGGCCGAA AGUUUUUG 
396 CUGUAAGU ClK^AtXSAGGCCGAAAGGCCGAA AGGUGAGU 

400 AAtlCCUGU OX^ACJGAOXXXIAAAGOCCGAA AGUUAGGU 

401 CAAUCCUG OXSAUGAGGCCGAAAGGCCGAA AAGUUAGG 
408 UAAUUCAC CUGAUGAOGCCGAAAGGCXX3AA AUCCUGUA 

415 CQSOGUGO CUGAUGAGGCCGAAAGGCCX3AA AUUCACAA 

416 Ca&MSJG CUGAUGAGGCCGAAAGQCCXSAA AAUUCACA 
427 UCUUGGCA CUGAUGAGGCCGAAAGGCCGAA AUCCGGUG 
444 GCAGCAUC CUGAUGAGGCCGAAAGGCCGAA ACAGCAUC 
456 GCUUUCUC CUGAUGAGGCCGAAAGGCCGAA AUGGCAOC 
466 GACCUUCA CUGAUGAGGCCGAAAGGCCGAA AGCUUUCU 
474 UCCUCCCA CUGAUGAGGCCGAAAGGCCGAA ACCUUCAG 
490 CGUGAGUG CUGAUGAGGCCGAAAGGCCGAA AGUCACCU 
495 GAGAACGU CUGAUGAGGCCGAAAGGCCGAA AGUGGAGU 

500 UCCUGGAG CUGAUGAGGCCGAAAGGCCGAA ACGUGAGU 

501 UUCCUGGA CUGAUGAGGCCGAAAGGCCGAA AACGUGAG 
S03 ACUUCCUG CUGAUGAGGCCGAAAGGCCGAA AGAACGUG 
512 CUCCUUCA CUGAUGAOGCCGAAAGGCCGAA ACUUCCUG 
531 GAGAUCAU CUGAUGAGGCCGAAAGGCCGAA AUGUCAGC 
537 CCAAAAGA CUGAUGAGGCCGAAAOGCCGAA AUCAUUAU 
539 CUCCAAAA COT -JGGCCGAAAGGCCGAA AGAUCAUU 

541 GACUCCAA CUC .;jGAGGCCGAAAGGCCGAA AGAGAUCA 

542 GGACUCCA CUGAtXyoSGCCGAAAGGCCGAA AAGAGAUC 

543 CGGACUCC CUGAUGAGGCCGAAAGGCCGAA AAAGAGAU 
549 UGUUCUCG CUGAUGAGGCCGAAAGGCCGAA ACUCCAAA 

565 AGGAAUAA CUGAUGAGGCCGAAAGGCCGAA AUCUCCAU 

566 AAGGAAUA CUGAUGAGGCCGAAAGGCCGAA AAUCUCCA 

567 AAAGGAAU OXSAUGAGGCCGAAAGGCCGAA AAAUCUCC 

568 AAAAGGAA CUGAUGAGGCCGAAAGGCCGAA AAAAUCUC 

570 UCAAAAGG CUGAUGAGGCCGAAAGGCCGAA AUAAAAUC 

571 AUCAAAAG CUGAUGAGGCCGAAAGGCCGAA AAUAAAA0 

574 UCCAUCAA CUSAUGAGGCCGAAAGGCCGAA AGGAAUAA 

575 GUCCAUCA CUGAUGAGGCCGAAAGGCCGAA AAGGAAUA 

576 GGUCCAUC CUGAUGAGGCCGAAAGGCCGAA AAAGGAAU 

594 UGAGCCAA CUGAUGAGGCCGAAAGGCCGAA ACAUUUCC 

595 AUGAGCCA CUGAUGAGGCCGAAAGGCCGAA AACAUUUC 

596 CAUGAGCC CUGAUGAGGCCGAAAGGCCGAA AAACAUUU 
601 AUAAGCAU CUGAUGAOGCCQAAAGGCOGAA AGCCAAAA 

607 AGGUGCAU CUGAUGAGGCCGAAAGGCCGAA AGCAUGAG 

608 CAGGU3CA CUGAUGAGGCCGAAAGGCCGAA AAGCAUGA 

627 UCUCCAUU CUGAUGAGGCCGAAAGGCCGAA AUUCCUGG 

628 AUCUCCAU CUGAUGAGGCCGAAAGGCCGAA AAUUCCUG 
644 CAUCAUCA CUGAUGAGGCCGAAAGGCCGAA AGUGOGCA 
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645 UCAOCAUC COGAUGWXCCGAAAGGCCXSAA AAGOGGCSC 

673 UCCOGUOG CUGMX3AGGCCGAAAGGCCGAA AircCtJUUG 

688 AAGG;vADA CUGJltXSAOGCCGAAAGGCCGAA AUUGGOUC 

689 CAAfiGAAU CUGA0SA0G5CCGAAAQGCCGAA AAUUQGUU 

690 ACAAGGAA OXSAtXSAOGCOSAAAGGCCGA^ AAAUUGGU 

692 CJJiCMGG OXSAUSAGGCXXSAAAGGCCGAA AUAAAUUG 

693 GCAACAAG ajGA)ra>L0GCCX3AAAG0CCGAA AAOAAAUU 
696 GCAGCAAC OXyilXSAGGCCGAAAGGCCGAA AGGAAUAA 
699 UQAGCAGC CCPGAUQAOQCCGAAAGGCCX3AA ACAAGGAA 
706 AAGCUCAU aX^AUGAOGOCQAAAGQCCGAA AGCAGCAA 
714 GAGUGGCC CUGAUGAOGCCGAAAOGCCGAA AGCUCAXI6 
722 GACCCAGG CtX3AtX3AOGCCGAAAGGCCGAA AOXSGCCA 
730 GUGAAACA CUGAIXSAGGCCGAAAGGCCGAA ACCCAOQG 

734 CCGAGC73A CUGAUGAOGCCXSAAAGGCCXIAA ACAGACCC 

735 GCCGAGUG OXSAtXSAOQCCGAAAGGCCGAA AACAGACC 

736 GGCCGAGU CUGAIXSAOGCXXSAAAGGCXX^AA AAACAGAC 
740 QQUUC3GCC CUGAlOQAOGaXSAAAGGCCGAA AGOGAAAC 
764 AGACUGGG CUGAUGAOGCCGAAAGGCCGAA ACAUCAGC 
771 GCGUUGUA CUGAUGAOGCCGAAAGGCCGAA ACUSGGtIA 
773 AGGCGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGGG 

782 GGUCUGUG CUGAUGAOGCCGAAAGGCCXSAA AGGCGUUG 

783 AGGuojGu cix;aix;aogccgaaaogccgaa AAGGCGOU 

800 AAAGGCGG CUGAUGAOGCXGAAAGQCCGAA ACCX30GCC 

801 GAAAGGCG CUGAUGAOGCCGAAAGGCCGAA AAOCGGGC 

807 UCUUGAGA CUGAUGAGGCCGAAAGGCCGAA AGGCGGAA 

808 AUCUUGAG OJGAUGAOGCCGAAAGGCCGAA AAGGCGGA 

809 CAUCUUGA CUGAUGAGGCCGAAAGGCCGAA AAAGGCGG 
811 AUGAUCUU CUGAUGAGGCCGAAAGGCCGAA AGAAAGOC 
831 AGGGAUUG CUGAUGAGGCCGAAAGGCCGAA AUSCCAIC 
836 CAUAGAGG CUGAUGAOGCCGAAAGGCCGAA AUUGGAUG 
840 GGUCCAUA CUGAUGAGGCCGAAAGGCCGAA AGGGAUUG 
842 CCGGUCCA CUGAUGAOGCCGAAAGGCCGAA AGAGQGAU 
860 UAUCAGGA CUGAUGAGGCCGAAAGGCCGAA AGGCAGGG 
862 GUUAUCAG CUGAUGAGGCCGAAAGGCCGAA AGAGGCAG 
868 UCCAGAGU CUGAUGAGQCCGAAAGGCCGAA AUCAGGAG 
872 gcacucx:a CUGAXX»GQCCGAAAGGCCGAA AGUUAUCA 
883 AGGUtXXA CUGAtXSAGGCCGAAAGGCCGAA AGGCACUC 
894 CCU3GAGG CUGAUGAOGCCGAAAGGCCGAA ACAGGUUC 
898 AGAUCCUG CUGAUGAGGCCGAAAGGCCGAA AGGGACAG 
905 GGGUCCCA CUGAUGAOGCCGAAAGGCCGAA AUCCUGGA 
918 UCACACAU CUGAUGAGGCCGAAAGGCCGAA AOXSGGGU 
928 CAGAUCUG CUGAUGAGGCCGAAAGGCCGAA AUCACACA 
934 GAAGGACA CUGAUGAOGCCGAAAGGCCGAA AUCUGGAU 
938 CAUCGAAG CUGAUGAOGCCGAAAGGCCGAA ACAGAUCU 

941 UUGCAUCG CUGAUGAOGCCGAAAGGCCGAA AGGACAGA 

942 AUUGCAUC CUGAUGAGGCCGAAAGGCCGAA AAGGACAG 
951 AGAGUGCU CUGAUGAGGCCGAAAGGCCGAA A0W3CAUC 
958 UCCCCUCA CUGAUGAOGCCGAAAGGCCGAA AGUtSCUGA 
972 AAGAAC2W3 CUGAUGAGGCCGAAAGGCCGAA AUUUCUCC 
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973 ' AAAGAACA CUSAUGAGGCCGAAAGCXXX3AA AAUUUCUC 

977 CUUUAAAG OmtXaUXSCCGAAAGGCCGAA ACAGAAUU 

978 tXOTKIAAA CW^UCaWGCXXCSaUUkGG^ AACAGAAU 

980 TOIXUUUA aX5AlXSAOGCCGAAAC3GCXXSAA AGAACAGA 

981 OXSUCUUU OXyilXy^OGCCGAAAGGCCGAA AAGAACAG 

982 COXSWCUU CUSAUGAGGCXGAAAOGCCGAA AAAGAACA 
992 GCCAGAAA. OXyilXSAQGCCXyuUUSGCCG^ ACCUGUCXJ 

994 GCGCCAGA OXSATOAGGCCGAAAGGCCGAA AUACCUGU 

995 W3CGCCAG CUGAUGAGGCCGAAAGGCXXSAA AAOACCUG 

996 UUGCGCCA OXSAtXSAOGCCGAAAGGCCGAA AAAUACCU 
1007 UCCTOAGG COGAOSAlQGCXXSAAAGGCCGAA ACUUGCGC 
1011 AGAAUCCU CUGAlXyUKCXXSAAAGGCCXSAA AGGGACUU 

1017 GGUUCGAG CUGAIXMGCXX3AAAGGCCGAA AUCCUGAG 

1018 AGGmXXSA CUGADGAOGCXXSAAAOGCCGAA AAUCCUGA 
1020 UCAGGUUC CUGAlXyuSGCCGAAAGGCXGAA AGAAUCCU 

1031 tXyVAAlXSA CtJGAlXSAGGCCGAAAOGCCGAA ACUCAGGU 

1032 AUCAAAUG OXy^WSAGGCCGAAAQGCCGAA AACOCAOG 

1033 GAUCAAAU CUGAUGAGGCCGAAAQGCCGAA AAACUCAG 

1036 AGAGAIXJ^ OXSAUSAGGCCGAAAGGCCGAA AUGAAACU 

1037 AAGAGAUC CUGAUGAGGCCGAAAGGCCGAA AAUGAAAC 
1041 AAUSAAGA CUGAUGAGGCCGAAAGGCCGAA AUCAAAUG 
1043 AGAAUGAA CUGAUSAGGCCGAAAGGCCGAA AGAUCAAA 
^0^5 CCAGAAUG CUGAUSAGGCCGAAAGGCCGAA AGAGAUCA 
1046 GCCAGAAU OX^UGAGGCCGAAAGGCCGAA AAGAGAUC 

1049 AUGGCCAG CUSAU3A0GCCGAAAGGCCGAA AUGAAGAG 

1050 GAIK3GCCA CUGAUGAGGCCGAAAGGCCGAA AAUGAAGA 
1058 AAGGAAGA CUGAUGAGGCCGA7 ^ -vJCGAA AUGGCCAG 
1060 UGAAGGAA CUGAUGAGGCCGA^ V.CCGAA AGAUGGCC 

1062 GCUGAAGG CUGAUC3AQGCCGAAAGGCCGAA AGAGAUGG 

1063 UGCUGAAG CUGAUGAGGCCGAAAGGCCGAA AAGAGAU3 

1066 CAOXSCUG CUGAUGAGGCCGAAAGGCCGAA AGGAAGAG 

1067 CCACUGCU CUGAUGAGGCCGAAAGGCCGAA AAGGAAGA 
1085 UAACUUCA CUSAUGAGGCCGAAAGGCCGAA AUGCAGCA 

1092 CUGCUAAU CUGAUGAGGCCGAAAGGCCGAA ACUUCAUA 

1093 CCUGCUAA CUGAUGAGGCCGAAAGGCCGAA AACUUCAU 

1095 UCCCUGCU CUGAUGAGGCCGAAAGGCCGAA ADAACUOC 

1096 AUCCCUSC CUGAUGAGGCCGAAAGGCCGAA AAUAACUU 
1105 GAAAACAG CUGAUGAGGCCGAAAGGCCGAA AUCCCUGC 

1110 AAAAUGAA CUGAUGAGGCCGAAAGGCCGAA ACAGUAUC 

1111 AAAAAUGA OXSAUGAOGCCGAAAOGCCGAA AACAGUAU 

1112 UAAAAAUC CUGAUGAGGCCGAAAGGCCGAA AAACAGUA 

1113 UUAAAAAU CUGAUGAGGCCGAAAGGCCGAA AAAACAGU 
1116 CCUUUAAA CUGAUGAGGCCGAAAGGCCGAA AUGAAAAC 
^1^7 UCCUUUAA CUGAUGAGGCCGAAAGGCCGAA AAUGAAAA 

1118 UUCCUUUA CUGAUGAGGCCGAAAGGCCGAA AAAUGAAA 

1119 GUUCCUUU CUGAUGAOGCCGAAAGGCOGAA AAAAUGAA 

1120 AGUUCCUU CUGAUGAGGCCGAAAGGCCGAA AAAAAUGA 

1129 CCAGAACU CUGAUGAGGCCGAAAGGCCGAA AGUUCCOa 

1133 UGGCCCAG CUGAUGAGGCCGAAAGGCCGAA ACUGAGOU 
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1134 

1143 

1144 

1158 

1168 

1169 

1182 

1195 

1196 

1197 

1201 

1202 

1209 

1218 

1230 

1231 

1232 

1237 

1256 

1259 

1260 

1262 

1263 

1277 

1286 

1287 

1304 

1319 

1320 

1321 

1330 

1332 

1343 

1344 

1345 

1353 

1354 

1357 

1365 

1374 

1375 

1376 

1377 

1385 

1386 

1391 

1392 

1393 

1394 



AUOGCXXA 

uuuccoca 

AUWXXUC 
CCAGCUUG 
UCUUGQOT 
UUCUUOGG 
AGGGOGOG 
UGAAGGGA 
UUGAAGGG 
GOtXSAAGG 
UAXIQGaUS 
nUAIJGGUU 
AUUOUUCU 
GCAGCAZX: 
UUAUCAGA 
CXKJAUCAG 
CXOTIAUCA 
CCUUUCCU 
CAAAGAAG 
CCACAAAG 
UCCACAAA 
CUUCCACA 
UCUUCCAC 
ACCUCCAG 
UOJCAUCA 
UOCUCAUC 
GCUCCAGG 
GUCUGGGA 
UGaCUOGG 
AUGOCUGG 

uuoxxruA 

UCUUCUGC 
UUCCOOGA 
AWKXUGG 
AAUUCCUG 
UUUCGAUU 
CUUUOGAU 
GAUCUUUG 
ACAGCAOC 
GCUUCAAA 
UGCUUCAA 
AUGCUUCA 
AAUGCUUC 
AAAACCCA 

AAAAACCX: 

AAUAGAAA 

AAAUAGAA 

GAAAUAGA 

AGAAAUAG 



<:^UCyUX5AaGCCGAAAGGCXX»LA AACOGAGU 
^^"^^^^^^^^'^'^^aCCGAAA^^ AUGGCCCA 
CtXSAUGAGOCCGAAAGGCCGAA AAUOGCCC 

cugausaggcx:gaaac5gccgaa accucauu 

*^^^^2ADSA0GCCGAAAGGCCGAA ACCAGCUU 
CWSAOGAtSGCCGAAAGGCCXSAA AACCAGCU 
CUGAtXSAGGCCGAAAGGCCGAA AUGCUUCU 
CIXSAUSAGGCCGAAAGGCCX3AA ACCCAGGG 
CtX3AtX3AOOCCGAAAGGCCGAA AACXXAGG 
^^^^^^WXSAGGCCGAAAOSCCGAA AAACCXIAG 
CWSAWSAGGCCGAAAGGCCGAA AGGGAAAC 
CUGAIK3AGGCCGAAAGGCXX3AA AAQGGAAA 
^^^^SAOSAOGCCGAAAGGCCGAA ADGGUUGA 
CW3AW5AQGCCGAAAGGCCGAA AUUUUUCU 
^^^^^^^^^^^^^^^f^G^^ AUGGCAGC 
^^^^^AXX^AGGCCGAAAGGCXXSAA AAUC3GCAG 
^^^^^'^^^^^^^AOGCXXS^^ AAAUGGCA 
^^"°^^"^3AGGCCGAAAGGCCGAA AUC7VGAAA 
CTOAtXSAGGCCGAAAGGCCGAA AUGUUUUC 
C^J^«3AGGCCGAAAGGCCGAA AGUAUGUU 
Ct^tXMGCXGAAAGGCCGAA AAGUAUGU 
CtXSAlJSAGGCCGAAAGGCCXyu^ AGAAGUAU 
CW3AW3AGGCCGAAAGGCCGAA AAGAAGUA 

AUUUGUCU 

^^"^^^"^S'^GOCtMAAAGOCC^ ACCUCCAG 
CUGAUGAGGCCGAAAGGCCGAA AACCUCCA 
CUGAUGAGGCCGAAAGGCCGAA ACUGUCUC 
^^^^^^^'^^^^^^^^^^ AGCCUGGC 
^^^^^^^^^^^XlJ\f3G^^ AAGCOXSG 
CUGAUGAGGCCGAAAGGCCGAA AAAGCCUG 
CUGAOSAGGCCGAAAGGCCGAA AtX^UCUGG 
CUGAUGAGGCCGAAAGGCCGAA AUAUGUOJ 
CUGAUGAGGCCGAAAGGCCGAA AGUCUUCU 
CUGAUGAGGCCGAAAGGCCGAA AAGUCUUC 
^^^^^^^^^^^^^^^^^^^ AAAGUCUU 
^^"^^^^^'^^'^^^QCCGAAAGG^ AUUCCUGG 
CUSAUSAGGCCGAAAGGCCGAA AAUUCCUG 
^^^^'^^^^^'SAGGCCGAAAGGCCGAA AUUAAUUC 
CUGAUGAGGCCGAAAGGCCGAA AUCUUUGG 
CUGAIX3AGGCCGAAAGGCCGAA ACAGCAUC 
CUGAUGAGGCCGAAAGGCCGAA AACAGCAU 
CUGAUGAGGCCGAAAGGCCGAA AAACAGCA 
CUGAUGAGGCCGAAAGGCCGAA AAAACAGC 
CUGAUGAGGCCGAAAGGCCGAA AUGCUUCA 

AAUGCUUC 

CUGAUGAGGCCGAAAGGCCGAA ACCCAAAU 
CUGAUGAGGCCGAAAGGCCGAA AACCCAAA 
CUGAUGAGGCCGAAAGGCCGAA AAACCCAA 
CUGAUGAGGCCGAAAGGCCGAA AAAACCCA 
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1395 AAGAAAUA OJGAUGAOGCCXSAAAGGCCGAA AAAAACCC 

1397 TOAAGAAA CU3AtX3AGGCCGAAAGGCCGAA AGAAAAAC 

1399 ACOGAAGA CUGAUGAGGCCGAAAGGCCGAA AUAGAAAA 

1400 CACtJGAAG ax;AUGAGGCCGAAAGGCCGAA AAUAGAAA 

1401 CCACUGAA OXSAIKSAGGCCGAAAGGCCGAA AAAUAGAA 

1403 AUCCACOG CtXSAlXSAGGCCGAAAOGCOGAA AGAAAUAG 

1404 GAUCCACU CUGAtXSAGGCCGAAAGGCCGAA AAGAAAUA 
1412 ACUGW3AA OXSAIXSAGGCCGAAAGGCCGAA AUCCAOX; 

1414 CGACUGUG CUGAIXSAOGCCGAAAOGCCGAA AGAUCCAC 

1415 CCGACOGU CUGAtXSAGGCCGAAAGGCCGAA AAGAUCCA 
1421 CAAACOCC OXSAIXSAOGCCXSAAAGGCCXSAA ACUGUGAA 

1427 UUGGGOCA CIXSAUGAGGCCGAAAGGCCGAA ACUCCGAC 

1428 UUCJGGGUC ClJGAtXaOQCCGAAAGGCCGAA AAOXXGA 

1458 CUCUUCAA CUGAUGAGGCCGAAAGGCCGAA ACAUGtX^U 

1459 GCUCUUCA CUGAUGAGGCCGAAAGGCCGAA AACAUGUG 

1460 UGCUCUUC CUGAUGAGGCCGAAAGGCCGAA AAACAUGU 

1478 AACACUGA CUGAUGAGGCCGAAAGGCCGAA ACCAGCUG 

1479 UAACACUS CUGAU3AGGCCGAAAGGCCGAA AACCAGCU 
14fi0 CUAACACU CUGAU3AGGCCGAAAGGCCGAA AAACCAGC 

1486 CCCCUCCU CUGAUGAGGCCGAAAGGCCGAA ACACUGAA 

1487 ACCCCUCC CUGAUGAGGCCGAAAGGCCGAA AACACUGA 
1498 GOCUUCUA CUGAUGAGGCCGAAAGGCCGAA ACACCCCU 
1500 GUGCOJUC CUGAUGAGGCCGAAAGGCCGAA AUACACCC 

1519 UCAUUUAA CUGAUGAGGCCGAAAGGCCGAA ACAUUCAU 

1520 UUCAUUUA CUGAUGAGGCCGAAAGGCCGAA AACAUUCA 

1521 GUUCAUUU CUGAUGAGGCCGAAAGGCCGAA AAACAUUC 

1522 GGUUCAUU CUGAUGAGGCCGAAAGGCCGAA AA? ~V\XJU 
1532 UGAACAAU CUGAUGAGGCCGAAAGGCCGAA AC. OOAU 
1535 UGUUGAAC CUGAUGAGGCCGAAAGGCCGAA AUUAGGUU 

1538 AAGUGUUG CUGAUGAGGCCGAAAGGCCGAA ACAAUUAG 

1539 UAAGUGUU CUGAUGAGGCCGAAAGGCCGAA AACAAUUA 

1546 AAAGUCCU CUGAUGAGGCCGAAAGGCCGAA AGUGUUGA 

1547 CAAAGUCC CUGAUSAOGCCGAAAGGCCGAA AAGUGUUG 

1553 AACUCACA CUGAUGAGGCCGAAAGGCCGAA AGUCCUAA 

1554 CAACUCAC CUGAUGAGGCCGAAAGGCCGAA AAGUCCUA 
1561 GCCACUUC CUGAUGAGGCCGAAAGGCCGAA ACUCACAA 
1571 GAGAAAAU CUGAUGAGGCCGAAAGGCCGAA AGCCACUU 

1574 CAGGAGAA CUGAUGAGGCCGAAAGGCCGAA AUGAGCCA 

1575 GCAGGAGA CUGAUGAGGCCGAAAGGCCGAA AAUGAGCC 

1576 UQCAGGAG CUGAUGAGGCCGAAAGGCCGAA AAAUGAGC 

1577 AUOCAGGA CUGAUGAGGCCGAAAGGCCGAA AAAAUGAG 
1579 AUAUGCAG CUGAUGAGGCCGAAAGGCCGAA AGAAAAU3 
1586 UCACAGCA CUGAUGAGGCCGAAAGGCCGAA AUGCAGGA 
1602 AUGCUCGA CUGAUGAOGCCGAAAGGCCGAA AUUCCCAU 
1604 UCAUGCUC CUGAUGAGGCCGAAAGGCCGAA AGAUUCCC 
1620 CAGUUAGA CUGAUGAGGCCGAAAGGCCGAA ACACAGUU 
1622 UOCAGUUA CUGAUGAGGCCGAAAGGCCGAA AUACACAG 
1^24 AGUCCAGU CUGAUGAGGCCGAAAGGCCGAA AGAUACAC 
1633 GAUGUGCA CUGAUGAGGCCGAAAGGCCGAA AGUCCAGU 
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1634 CX3MX30GC aiGAOGAQQCXXSAAAOCSCCGAA AAGUCCAG 

1641 CXXX;UAAC aX3MX3AGCKXX5AAAGGCCGAA AUGUGCAA 

1644 ACACCXX;U CUGAOSAGGCCGAAAGGCXXSAA ACX5AUGUG 

1645 AACACCXX; OXSAUGAOOXGAAAGGCCXSAA AACGAtXSU 

1653 CCOGWUG CUGAIWAOQCCGAAAGGCCGAA ACACCCGU 

1654 GCCUGUUU OTSAUGAGXSCCGAAAGGCCGAA AACACCCX3 

1670 UOCAAGCU CUGAKKSAaSCCGAAAGGCXXSAA AGCAGCAG 

1671 GOGCAAGC OXSAIXSAOGCCGAAAGGCCGAA AAGCAGCA 
1675 UCAAGUSC aX^ADGAaXCGAAAGGCOGAX AGCUMOC 
1681 AtXfOGADC OXSAUGAGGCCGAAAGGCCGAA AGUGCAAG 
1685 UUCCAUGU CUGAUGJVGGCXXIAAAGGCCGAA AUCAAGUG 

1701 UCtlCGOGG CtX}AUC»0GCXX3AMGQCXX;AA AOCUCCOJ 

1702 GUCUCGUS CUGADGAGGCCGAAAGGCOGAA AAGCUCCC 
1720 CACAUGAG OXaOXSAGGCCGAAACSGCCGAA ACUtXTCC 
1723 UCACACAU CUGAtXauSGCCGAAAGGCXXJAA AGUACUUC 
1744 AUAGACAC CtlGAUQAOGCCGAAAGGCCGAA AUCACUCG 
1749 UCXZACAUA OX^AUGAGGCXXSAAAOGCCGAA ACACAAUC 
1751 AAUCCACA OXy^XSACXXXrGAAAGGCCGAA AGACACAA 

1759 GQGCAAAU CUGAIX3AGGCCGAAAGGCCX3AA AUCCACAU 

1760 UGGGCAAA C0GAIX3AGGCCGAAAGGCCGAA AAUCCACA 

1762 AAIUGGGCA CUGAUISAGGCCGAAACGCCGAA AUAAIXXA 

1763 UAAUGGGC CUGAUGAGGCCGAAAGGCCGAA AAUAAUCC 

1770 UAUUAAAU CUGAOGAOGCCGAAAGGCCGAA AUGGGCAA 

1771 UUAUUAAA CUGAUGAGGCCGAAAGGCCGAA AAUGGGCA 

1773 CUUOAUUA OXSAtXSAGGCCGAAAGOCCGAA AUAAtXSOG 

1774 UCUUUAUU CUGAUCiAOGCCGAAAGGCCGAA AAUAAUGG 
r/75 CUCUUUAU CUGAUGAGGCCGAAAGGCCGAA AAAUAAUG 
^ ')l AUCCUCUU CUGAUGAQGCCGAAAGC3CCGAA AUUAAAUA 
1787 AAUUGACA CUGAUGAGGCCGAAAGGCCGAA AUCCUCUU 
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Table BIL Human B7-1 Hammerhead Riboiyme Seq 



iuences 



nt. 
Position 

8 

12 
17 
26 
27 
41 
46 
48 
56 
57 
75 
76 
79 
82 
86 
87 
88 
90 
97 
110 
112 
124 
126 
127 
137 
145 
146 
147 
163 
164 
165 
166 
167 
169 
170 
187 
191 
200 
201 
221 
226 
228 



HHT^et Sequence 



AAACCCU 
CCOCUGU 
GUAAAGU 
CAGAAGU 
AGAAGUU 
GAAAXX;U 
GUCX3CCU 
CGOCUCU 
UGAAGAU U 
GAAGAUU A 
AAGUGAU U 
AGUGAUU U 
GAUUU5U C 
UUGUCAU U 
CAUUGCU U 

Ainxscuu U 

UUGCUUU A 
GCOUUAU A 
AGACUGU A 
AGAACAU C 
AACAUCU C 
GUGGAGU C 
GGAGUCU U 
GAGOCUU A 
CUGAAAU C 
AAAGGAU U 
AAGGAUU U 
AGGAUUU A 
GUGGAAU U 
tXSGAAUU U 
GGAADUU U 
GAAUUUU U 
AAUUUUU C 
UUUUUCU U 
UUUUCUU C 
UGAAACU A 
ACUAAAU C 
ACAACCU U 
CAACCUU U 
ACACCCU C 
CUCCAAU C 
CCAAUCU C 



W3UAAAG 
AAGUAAC 
ACAGAAG 
AGAAGQG 
GAAGGGG 
GCCUCOC 
tXXX3AAG 
USAAGAU 
ACCCAAA 
CCCAAAG 

GUCAUUG 
AUUGCUU 
GCUUUAU 
UAUAGAC 
AUAGAO; 
UAGACUG 
GACUGUA 
AGAAGAG 
UCAGAAG 
AGAAGUG 
UUACCCU 
ACCCUGA 
OCOTSAA 
AAAGGAU 
UAAAGAA 
AAAGAAA 
AAGAAAA 
OUOOJOC 
UUCOUCA 
UCOUCAG 
CUUCAGC 
UUCAGCA 
GAGCAAG 
AGCAAGC 
AAUCCAC 
CACAACC 
tX3GAGAC 
GGAGACC 
CAAUOX: 
UCUGU3U 
UGUGUGU 



nt 
Position 

236 

237 

238 

241 

247 

258 

260 

261 

263 

274 

279 

282 

285 

298 

299 

300 

322 

324 

325 

328 

333 

339 

342 

347 

348 

349 

353 

354 

355 

362 

368 

404 

410 

418 

422 

426 

430 

431 

432 

434 

435 

436 



HHTaiTgetSequ( 



ence 



tXSUGUGU 
GUGOGUU 
UGU5UUU 
GUUUUGU 
UAAACAU 
GGAGGGU 
AGGGUCU 
GGGUCUU 
GUCUUCU 
GAGCAAU 
ADUGGAU 
GGAUUGU 
UUGUCAU 
tXSCCUGU 
GCCUGUU 
CCUGUUU 
CCCUGGU 
CUGGUCU 
UGGUCUU 
UCUUACU 
CUUGGGU 
UCCAAAU 
AAAUIX^ 
GULXSGCU 
UIXSGCUU 
UGGCUUU 
UUUCACU 
UUCACUU 
UCACUUU 
UGACCXrU 
UAAGCAU 
GGAACAU 
UCACCAU 
CAAGUGU 
UGUCCAU 
CAUACCU 
CCUCAAU 

CUCAAUU 

UCAADUU 
AAUUUCU 
AUUUCUU 

UUUCUUU 



U UUGUAAA 
U UGUAAAC 
U GUAAACA 
A AACAUCA 
C ACUGGAG 
C UOCUACG 
U CUACGUG 
C UACGUGA 
A CX^UGAGC 
U GGAUUGU 
U GOCAUCA 
C AUCAGCC 
C AGCCCUG 
U UUGCACC 
U UGCACCU 
U GCACCUG 
C UUACUUG 
U ACUUGGG 
A CUUGGGU 
U GGGUCCA 
C CAAAUUG 
U GUUGGCU 
U GGCUUUC 
U UCACUUU 
U CACUUUU 
C ACUUUUG 
U UUGACCC 
U UGACCCU 
U GACCCUA 
A AGCAUCU 
UGAAGCC 
ACCAUCC 
CAAGUGU 
CAUACCU 
CCUCAAU 
AAUUUCU 
UCUUUCA 

U CUUUCAG 

C UUUCAGC 

U UCAGCUC 
U CAGCUCU 
C AGCUCUU 
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441 

443 

457 

459 

460 

461 

463 

467 

468 

472 

473 

480 

481 

463 

521 

529 

537 

538 

539 

543 

562 

567 

569 

601 

608 

622 

624 

635 

651 

653 

654 

658 

660 

664 

667 

672 

674 

678 

684 

691 

701 

716 

726 

729 

730 

737 

751 

752 

753 



UUCAGCU C 
CAGCUCU U 
GGCUGGU C 
CUGGUCU U 
UGGUCUU U 
GGUCUOU C 

tjcuuuca c 

COCACUU C 

cucxruGu u 
uucuauu c 

CAGGUGQ U 
AGGUSTO A 
GUSUUAU C 
ACGCtXSU C 
CUGUGGU C 
ACAAUGU U 
CAAUGOU V 
AAU3UUU C 
UUUCUGU U 
ACAAACU C 
CUCGCAU C 
CGCAUCU A 
GCUGACU A 
AUGAUGU C 
CAUGAAU A 
UGAAUAU A 
CCCGAGU A 
GGACCAU C 
ACCAUCU U 
CCAUCUU U 
CUUUGAU A 
UCJQAUAU 
tJAUCACU 
CACUAAU 
AUAACCU 

AAcctxru 

UOJCCAU 
UUC5CX3AU 
COXSGOJ 
CGCCCAU 
GGCACAU 
AGU3UGU U 
GUGUUGU U 
UGUUSUU C 
OTGAAGU A 
AGACGCU U 
GACGCUU U 
ACGCUUU C 



C 
A 
A 
C 

c 
u 
c 
c 
c 

A 



UOQGUGC 
GGUGCUG 
UUUCUCA 
UCUCACU 
CUCACUU 
UCACUUC 
ACUUCUG 
OIGUOCA 

CAGGOGU 
AOGUGUU 
AXXXACX3 

uxAosa 

CACGUGA 
CIX3UC3GU 
ACAAOGU 
UCOGOUG 
CUGUUGA 
USUUGAA 
GAAGAGC 
GCAUCUA 
UACUGGC 
CUGGCAA 
U3AUGUC 
UGGGGAC 
UAUGOCC 
UTGCCCG 
< '^''AAC 
UOUGAUA 
U3AUAUC 
GAUAUCA 
tXACUAA 
ACUAAUA 
AUAACCU 
ACCUCUC 
UCCADUG 
CAUUGUG 
GUGAUCC 
CUOGCOC 
W3CGCCC 
tXSACGAG 
CGAGUGU 
GUUOXSA 
CUGAAGU 
UGAAGUA 
tXSAAAAA 

ix::aagcg 

CAAGCGG 
AAGCGGG 



782 

783 

785 

789 

800 

801 

805 

811 

814 

816 

816 

824 

825 

831 

832 

838 

839 

841 

844 

846 

847 

855 

858 

859 

863 

869 

877 

878 

879 

880 

689 

894 

896 

902 

920 

921 

930 

942 

943 

944 

952 

966 

968 

975 

976 

991 

992 

993 

997 



GUGACGU U AUCAGUC 
UC3ACGUU A UCAGUCA 
ACGUUAU C AGUCAAA 
UAIXMU C AAAGCUG 
GCUGACU U CCCUACA 
CUGACUU C CCUACAC 
CUUCCCU A CACCUAG 
UACACCU A GUAUAUC 
ACCUAGU A UAUCUGA 
COAGUAU A UCUGAOJ 
AGUAUAU C UGACUUU 
UCUSACU U UGAAAUU 
CUGACUU U GAMUUC 
UUGAAAU U CCAACUU 
UGAAAUU C CAACUUC 
UCCAACU U CUAAUAU 
CCAACUU C UAAUAUU 
AACUUCU A AUAUUAG 
UUCUAAU A UUAGAAG 
CUAAUAU U AGAAGGA 
UAAUAUU A GAAGGAU 
GAAGGAU A AUUUGCU 
GGAUAAU U UGCUGAA 
GAUAAUU U GCUCAAC 
AUUUGCU C AACCUCU 
UCAACCU C UGGAGGU 
UGGAGGU U UUCCAGA 
<3CAGGUU U UCCAGAG 
^^^AGGUUU U CCAGAGC 
AGGUUUU C CAGAGCC 
AGAGCCU C ACCUCUC 
CUCACCU C UCCUGGU 
CACCUCU C CUGGUUG 
UCCTOGU U GGAAAAU 
GAAGAAU U AAAUGCC 
AAGAAUU A AAUGCCA 
AUGCCAU C AACACAA 
CAACAGU U UCCCAAG 
AACAGUU U CCCAAGA 
ACAGUUU C CCAAGAU 
CCAAGAU C CUGAAAC 
CUGAGCU C UAUGCUG 
GAGCUCU A UGCUGUU 
AUGCtX3U U AGCAGCA 

UGCIXKU A GCAGCAA 

ACUGGAU U UCAAUAU 
CUGGAUU U CAAUAUG 
UGGAtTuU C AAUAUGA 
UUUCAAU A UGACAAC 
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1016 CACAGCU U QAXJGUGU 

1017 ACAGCUU C AUGUGUC 
1024 CAOSUGO C UCAUCAA 
1026 UGCX3UCU C AUCAAGU 
1029 GUCUCAU C AAGUAUG 
1034 AUCAAGU A UGGACAU 

1042 UGGACAU U UAAGAGU 

1043 GGACAUU U AAGAGUG 

1044 GACAUUU A AGAGUGA 
1054 AGU3AAU C AGACCOU 

1061 CAGAOCO U CAACUGG 

1062 AGACCUU C AACUOGA 
1072 CUGGAAU A CAACCAA 

1090 AGAGCAU U UOCCUGA 

1091 GAGCAUU U UCCXX3AU 

1092 AGCAUUU U CCUGAUA 

1093 GCAUUUU C CUGAUAA 
1099 UCCU3AU A ACCUGCU 
1107 ACXrOGCU C CCAUCCU 
1112 CtXXCAU C CUGGGCC 

1122 GGGCCAU U ACCUUAA 

1123 GGCCAUU A CCUUAAU 

1127 AUUACCU U AAUCUCA 

1128 UUACCUU A AUCUCAG 
1131 CCUUAAU C UCAGUAA 
1133 UUAAUCU C AGUAAAU 
1137 UCUCAGU A AAUGGAA 

1146 AUGGAAU U UUUGUGA 

1147 UGGAAUU U UUGUGAU 

1148 GGAAUUU U UGUGAUA 

1149 GAAUUUU U GUGAUAU 
1155 UUGUGAU A UGCUGCC 
1169 CUGACCU A CUGCUUU 

1175 UACUGCU U UGCCCCA 

1176 AOXSCUU U GCCCCAA 
1214 GAGAGAU U GAGAAGG 
1230 AAAGUGU A CGCCCUG 
1239 GCCCUGU A UAACAGU 
1241 CCtJSUAU A ACAGUGU 
1249 ACAGUGU C CGCAGAA 
1275 AAAAGAU C UGAAOGU 
1283 UGAAGGU A GCCUCtXS 
1288 GUAGCCU C CGUCAUC 
1292 CCOCXOT C AUCUCUU 
1295 CCGCKAU C UCUUCUG 
1297 GUCAUCU C UUCUGGG 

1299 CAUCUCU U CUGGGAU 

1300 AUCUCUU C UGGGAUA 
1307 CUGGGAU A CAUGGAU 



1315 CAUGGAU C GUGGGGA 

1324 UGGGGAU C AUGAGGC 

1334 GAGGCAU U CUUCCCU 

1335 AGGCAUU C UUCCCUU 

1337 GCAUUCU U CCCUUAA 

1338 CAUUCUU C CCUUAAC 

1342 CUUCCCU U AACAAAU 

1343 UUCCCUU A ACAAAUU 

1350 AACAAAU U UAAGCUG 

1351 ACAAAUU U AAGCUGU 

1352 CAAAUUU A AGCUGUU 

1359 AAGCUGU U UUACCCA 

1360 AGCUGUU U UACCCAC 

1361 GCUGUUU U ACCCACU 

1362 CUGUUUU A CCCACUA 
1369 ACCCACU A CCUCACC 
1373 ACUACCU C ACCUUCU 

1378 CUCACCU U CUUAAAA 

1379 UCACCUU C UUAAAAA 

1381 ACCUUCU U AAAAACC 

1382 CCUUCUU A AAAACCU 
1390 AAAACCU C UUUCAGA 

1392 AACCUCU U UCAGAUU 

1393 ACCUCUU U CAGAUUA 

1394 CCUCUUU C AGAUUAA 

1399 UUCAGAU U AAGCUGA 

1400 UCAGAUU A AGCUGAA 

1412 GAACAGU U ACAAGAU 

1413 AACAGUU A CAAGAUG 
1429 CUGGCAU C CCUCUCC 
1433 CAixxru C UCCUUUC 
1435 UCCCUCU C CUUUCUC 

1438 CUCUCCU U UCUCCCC 

1439 UCUCCUU U CUCCCCA 

1440 CUCCUUU C UCCCCAU 
1442 CCUUUCU C CCCAUAU 
1448 ■ UCCCCAU A UGCAAUU 

1455 AUGCAAU U UGCUUAA 

1456 UGCAAUU U GCUUAAU 

1460 AUUU3CU U AAUGUAA 

1461 UUUSCUU A AUGUAAC 
1466 UUAAUGU A ACCUCUU 
1471 GUAACCU C UUCUUUU 

1473 AACCUCU U CUUUUGC 

1474 ACCUCUU C UUUUGCC 

1476 CUCUIXU U UUGCCAU 

1477 UCUUCUO U UGCCAUG 

1478 CUUCUUU U GCCAUGU 
I486 GCCAUGU U UCCAUUC 
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1487 


CCAOGOU 


U 


CCAUUCU 


1480 


CAUGOUU 


c 


CAUUCUG 


1492 




u 


cuGcxa^u 


1493 


UUCCAOU 


c 


U9CCADC 


1500 


COQCCAU 


c 


UUGAAUU 


1502 


GCXaiUCU 


u 


GAAUUGU 


1507 


CUUGAAU 


u 


GOCUUGa 


1510 




c 


UUGUCAG 


1512 


AUUGUCU 


u 


GOCAGCC 


1515 


GUCUUGU 


c 


AGCCAAU 


1523 


AGCCAAU 


u 


CAUUAUC 


1524 


GCCAAUU 


c 


AUUAUCa 


1527 


AAUOCAU 


u 


AUCUAXJCJ 


1528 


AUUCAUU 


A 


UCUAUUA 


1530 


UCAOUAU 


c 


UAUUAAA 


1532 


AUIAUCU 


A 


UUAAACA 


1534 


DAlXmJ 


u 


AAACACU 


1535 


AUOIWJU 


A 


AACAOJA 


1542 


AAACACU 


A 


AUUUGAG 
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Table Bin: Human B7-1 Hammerhead Ribozyme Sequences 



Position 



HH Ribozyme Sequence 



8 CUUUACA OXSAIXSAGCXXXSAAAGGCCGA^ AGGGUUU 

12 GOTIACUU OKSAOSAGGCaSWU^GGCCCSAA ACAGAGG 

17 CUUCUGU CIXSADGAGGCCXSAAAOGCCXSAA ACUUUAC 

26 CCCUOCU CIXSAIXSAGGCCGAAAGGCCGAA ACUUCDG 

27 CCCCUUC aJC»lX3AGGCCCUAAGGCX:GAA AACOUCU 
41 GAGAQGC CUGMX3A00CCGAAAGGCCGAA ACAUUUC 
46 CUOCAGA CUGAIX3AOGCCGAAAGGCXX3AA AGGCGAC 
48 AUCUUCA CUGAUGAGGCCGAAAGGCCGAA AGAGGCG 

56 UUW3GGU OXavtXSAGGCCGAAAGGCXXSAA AUCUUCA 

57 CUmiQOG CUSAUGAGGCCGAAAGGCCGAA AAUCUUC 

75 AAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCACCFU 

76 CAAUGAC CUGAUGAGGCCGAAAGGCCGAA AAUCACU 
79 AAGCAAU CUGAUGAGGCCGAAAGGCCGAA ACAAAUC 
82 AUAAAGC OXSAUGAGGCCGAAAGGCCGAA AUGACAA 

86 GUCUAUA CUQAUGAGGCCGAAAGGCCGAA AGCAAUG 

87 AGUCUAU CUGAUGAGGCCGAAAGGCCGAA AAGCAAU 

88 GAGUCUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 
90 UACAGUC CUGAIX3AGGCCGAAAGGCCGAA AUAAAGC 
97 CUCUUCU CUGAUGAGGCCGAAAGGCCGAA ACAGUOJ 

110 CUUCUGA CUGAUGAGGCCGAAAGGCCGAA AUGUtXIXr 

112 CACOUCU OXSAUGAOGCCGAAAGGCCGAA AGAUGUU 

124 AGGGUAA OXSAUGAGGCCGAAAGGCCGAA ACUCCAC 

126 UCAGGGU CUGAUGAGGCCGAAAGGCCGAA AGACUCC 

127 UUCAGGG CUGAUGAGGCCGAAAGGCCGAA AAGACUC 
137 AUCCUUU CUGAUGAGGCCGAAAGGCCGAA AUUUCAG 

145 UUCUUUA CUGAUGAGGCCGAAAGGCCGAA AUCCUUU 

146 UUUCUUU CUGAtXSAGGCCGAAAGGCCGAA AAUCCUU 

147 UUUUCUU CUGAOSAGGCCGAAAGGCCGAA AAAUCCU 

163 GAAGAAA CUGAUGAGGCCGAAAGGCCGAA AUUCCAC 

164 UGAAGAA CUGAUGAGGCCGAAAGGCCGAA AAUUCCA 

165 COSAAGA CUGAUGAGGCCGAAAGGCCGAA AAAUUCC 

166 GCUGAAG CUGAUGAGGCCGAAAGGCCGAA AAAAUUC 

167 UGCUGAA CUGAUGAGGCCGAAAGGCCGAA AAAAAUU 

169 CUUGCUG CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 

170 GCUUGCU CUGAUGAGGCCGAAAGGCCGAA AAGAAAA 
187 GUGGAUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCA 
191 GGUIX3UG CUGAUGAGGCCGAAAGGCCGAA AUUUAGD 

200 GUCUCCA CUGAUGAGGCCGAAAGGCCGAA AGGUUGU 

201 GGUCUCC CUGAUGAGGCCGAAAGGCCGAA AAGGUUG 

221 GAGAUUG CUGAUGAGGCCGAAAGGCCGAA AGGGUGU 

226 ACACAGA CUGAUGAGGCCGAAAGGCCGAA AUUGGAG 
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228 ACWaCA CUGAtXSAGGCCGAAAGGCCGAA AGAUOGG 

236 UUUACAA OXa^UGAOGCCXSAAAGGCCGAA ACACACA 

237 GUUUACA CUC3AW3AGGCCGAAAGGCCGAA AACACAC 

238 OSUUUAC OXSAUQAGGCOGAAAGGCCXaVA AAACACA 
241 OGAOSOU aWAUtSACXXXXSAAAGGCCGAA ACAAAAC 
247 CUCCAGU CUGAUGAGGCCGAAAGGCCGAA AUCSUUUA 
258 CGUAGAA CUGAUGAGGCCGAAAGGCCGAA ACCCUCC 

260 CACG^aC COGAOGAGGCCGAAAGGCCGAA AGACCCU 

261 OCACGUA OXSAUCaVOGCCGAAAGGCCGAA AAGACCC 
263 GOJCACG aX3A«3AGGOCGAAAGGCCGAA AGAAGAC 
274 ACAAOCC CUGAUGAGGCCGAAAGGCCGAA AOUGCUC 
279 UGAW3AC CUGAW3AGGCCGAAA0GCCGAA AUCCAAU 
282 GGCUGAU CUGAUGAGGCCGAAAGGCCGAA ACAAUCC 
285 CAGGGCU CUGAUGAGGCCGAAAGGCCGAA AUGACAA 

298 GGUGCAA OXattJGAGGCOGAAAGGCCGAA ACAGGCA 

299 AGGOGCA CUGAUGAGGCCGAAAGGCCGAA AACAGGC 

300 CAGGWSC CUGAUGAGGCCGAAAGGCCGAA AAACAGG 
322 CAAGOAA CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 

324 CCCAAGU CUGAUGAGGCCGAAAGGCCGAA AGACCAG 

325 ACCCAAG CUGAUGAGGCCGAAAGGCCGAA AAGACCA 
328 03GACCC CUGAUGAGGCCGAAAGGCCGAA AGUAAGA 
333 CAAUUUG CUGAUGAGGCCGAAAGGCCGAA ACCCAAG 
339 AGCCAAC CUGAUGAGGCCGAAAGGCCGAA AUUUGGA 
342 GAAAGCC CUGAUGAGGCCGAAAGGCCGAA ACAAUUU 

347 AAAGUSA CUGAUGAGGCCGAAAGGCCGAA AGCCAAC 

348 AAAAGUG CUGAUGAGGCCGAAAGGCCGAA AAGCCAA 

349 CAAAAGU CUGAUQAGGCCGAAAOGCCGA;' AAAGCCA 

353 GGGUCAA CUGAUGAOGCOQAAAGGCCGA^ AGUGAAA 

354 AGGGUCA CUGAUGAGGCCGAAAGGCCGAA AAGUGAA 

355 UAGGGUC CUGAUGAGGCCGAAAGGCCGAA AAAGUGA 
362 AGAUSCU CUGAUGAGGCCGAAAGGCCGAA AGGGUCA 
368 GGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUA 
404 GGAUGGU CUGAUGAGGCCGAAAGGCCGAA AUGUUCC 
410 ACACUW3 CUGAUGAOGCCGAAAGGCCGAA AUGGUGA 
418 AGGUAUS CUQAU3AGGCCGAAAGGCCGAA ACACUUG 
422 AUUGAOG CUSAWSAGGCCGAAAGGCCGAA AUGGACA 
426 AOAAAUU CUGAUGAGGCCGAAAGGCCGAA AGGUAUG 
430 UGAAAfiA CUGAUGAGGCCGAAAGGCCGAA AUUGAGG 
«1 CUGAAAG CDQAWSAQGCCGAAAGGCCGAA AAUUGAG 
«2 GOXaAA CUGAUGAGGCCGAAAGGCCGAA AAAUUGA 

434 GAGCUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUU 

435 AGAGCDG CUGAUGAGGCCGAAAGGCCGAA AAGAAAU 

436 AAGACCU CUGAUGAGGCCGAAAGGCCGAA AAAGAA.:^ 
441 GCACCAA CUGAOSAOGCCGAAAGGCCGAA AGCUGAA 
443 CAGCACC CUGAUGAGGCCGAAAGGCCGAA AGAGCUG 
457 UGAGAAA COCSAUGAC3GCCGAAAGGCCC5AA ACCAGCC 

459 AGUGAGA CUGAUGAGGCCGAAAGGCCGAA AGACCAG 

460 AAGW3AG CUGAUGAGGCCGAAAGGCCGAA AAGACCA 

461 GAAGUGA CUGAUGAGGCCGAAAGGCCGAA AAAGACC 



wo 96/18736 



172 



PCT/US95/15516 



463 CAGAAGU CTOAOGAGGCCGAAAGGCCGAA AGAAAGA 

467 UGAACAG CUGAUGACXXXXyUUiuGGCCC^ AGUGAGA 

468 CUSAACA OXSAIXSAGGCCGAAAGGCCGAA AAGOGAG 

472 ACACaX5 aX5AlX3AGGCX:GAAAGGCCGAA ACAGAAG 

473 AACACCU CXX^IX^AGGOXSAAAGGCCGAA AACAGAA 

480 CGOQGAU CW3WX3AGGCCGAAAGGCCGAA ACACXrUG 

481 ACGTOGA COGAIK^GGCCGAAAGGCCGAA AACACCU 
483 UCACGUG CTCAOGAGOCCGAAAGGCCGAA AUAACAC 
521 ACCACAG CUGAIXMGCCGAAAOGCCGAA ACAGCGU 
529 ACAUOGU COGAIX^GGCCGAAAGGCCSGAA ACCACAG 

537 CAACAGA CUGAIXSAGGCCGAAAGGCCGAA ACAUUGU 

538 UCAACAG CUGAU3AGGCCGAAAGGCCGAA AACAUUG 

539 UUCAACA COGAUGAGGCCGAAAGGCCGAA AAACAUU 
543 GCUCOOC CTOAIX3AGGCCGAAAGGCCGAA ACAGAAA 
562 UAGAIX3C CUGAUGAGGCCGAAAGGCCGAA AGUUUGU 
567 GCCAGUA OXSAOGAGGCCGAAAGGCCGAA AUGCGAG 
569 UUGCCAG CUGAUGAGGCCGAAAGGCCGAA AGAUSCG 
601 GACAUCA CUGAUGAGGCCGAAAGGCCGAA AGUCAGC 
608 GUCCCCA CUGAUGAGGCCGAAAGGCCGAA ACAUCAU 
622 GGCCAUA CUGAUGAGGCCGAAAGGCCGAA AUUCAUG 
624 CGGGCCA CUGAUGAGGCCGAAAGGCCGAA AUAUUCA 
635 GUUCUU3 CUGAUGAGGCCGAAAGGCCGAA ACUCQGG 
^51 UAUCAAA CUGAUGAGGCCGAAAGGCCGAA AUGGUCC 

653 GAUAUCA CUGAUGAGGCCGAAAGGCCGAA AGAUGGU 

654 UGAUAUC CUGAUGAGGCCGAAAGGCCGAA AAGAUGG 
658 UUAGUGA CUGAUGAGGCCGAAAGGCCGAA AUCAAAG 
660 UAUUAGU CUGAUGAGGCCGAAAGGCCGAA AUAUCAA 
664 AGGUUAU CUGAUGAGGCCGAAAGGCCGAA AGUGAUA 
667 GAGAGGU CUGAUGAGGCCGAAAGGCCGAA AUUAGOG 
672 CAAUSGA CUGAUGAGGCCGAAAGGCCGAA AGGUUAU 
674 CACAAUS CUGAUGAGGCCGAAAGGCCGAA AGAGGOU 
678 G yVDCAC CUGAUGAGGCCGAAAGGCCGAA AUGGAGA 

a\GCCAG CUGAUGAGGCCGAAAGGCCGAA AUCACAA 

691 GGOCGCA CUSAOGAGGCCGAAAGGCCGAA AGCCAGG 

701 CUCGUCA CUGAUGAGGCCGAAAGGCCGAA AUOGGCG 

716 ACACUCG CUGAU3A0GCCGAAAGGCCGAA AUGU3CC 

726 UCAGAAC CUGAUGAGGCCGAAAGGCCGAA ACACACU 

"^29 ACUDCAG CUGAUGAGGCCGAAAGGCCGAA ACAACAC 

730 UACUUCA CUGAUGAGGCCGAAAGGCCGAA AACAACA 

"^37 UUUUUCA CUGAUGAGGCCGAAAGGCCGAA ACUUCAG 

751 CGCUUGA CUGAUGAGGCCGAAAGGCCGAA AGCGUCU 

752 COGCtKIG CUSAUGAOGCCGAAAGGOCGAA AAGCGUC 

753 CCCGCUU CUGAUGAGGCCGAAAGGCCGAA AAAGCGU 

782 GACUGAU CUGAUGAGGCCGAAAGGCCGAA ACGUCAC 

783 UGACUGA CUGAUGAGGCCGAAAGGCCGAA AACGUCA 
785 UUUGACU CUGAUGAGGCCGAAAGGCCGAA AUAACGU 
'^^^ CAGCOUU CUGAUGAGGCCGAAAGGCCGAA ACtXSADA 

800 UGUAGGG CUGAUGAGGCCGAAAGGCCGAA AGUCAGC 

801 GUGUAGG CUGAUGAGGCCGAAAGGCCGAA AAGUCAG 
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A/V2PAAA 


ft! 1 




rTlRArr;Af3GrCGAAAGGrOC>AA 










APTTAf'i^T 










0X0 






ATlATlAPri 
AUAUnvv 




AATTUIJTA 


iriAT irywY;^'*OGAAA[3t300GJ^ 










AArrriPA/^ 


a.jx 






AtlTiriPAA 






rriT^TT^AlTSPPnAAAQC^nrXaAA 




oJO 












mnAr irSAfTfTTVYSA A A<TrtOOf3A A 


AAr^TTWS 






PTIP AT tPArYWV^ A A AI^'a'YY^A A 


APA AfS'TIT 


644 


UUUvAJlAA 




AuUAGAA 


o4o 




V ATfr^ftl'WW^ A A Artr^^W* A A 


ATTATTITAP 

AUA.UUAU 


847 


AUCCUUC 




AAuAUUA 


855 


AGCAAAU 






030 


UUGAUC-A 




AUUAIaX. 


acQ 


GUUGAOC 


ClAiAUGAuGCwQAAAGGCQj^^ 


AAUUAUC 


OCi 

8o3 






K an 








Av^UUViA 


0 / / 






EPPTTPPA 


O / D 




rr Af VlAfyV^YYSA AAr:iVYYZA A 


AApninr 


Q*70 




rr ir^ AT V2 A^wvysA a AftfVYVs a a 


AAAPPTSP 


oou 




PT a r A ^^TZTW? A A A rsrsTYYi A A 


a A A&PPTT 






A T A fyVYY^ A A fWYYt A A 








rt A r ITS Aryjpor; A A AfSfVYYi A A 








PTtfl At Yl AfiTSry^ A A An('2/'"W2 A A 






ATTTTfirinr 


rTYlATY^AfyVYTa A AfV^TTCAA 






/W**TtT7rT 






J7ZX 




rT' VlATiriAf^Y*CfZA A ArsriTYVSA A 


AAtTTTPTin 














rt V A T IP A f2fVYY^ A A A /TrTTTT* A a 


APTttTTTIT^ 






PTTP A T IP A/WW A A a /Vtpyv^ A a 


A &r*npT TTt 


OA A 

944 


H T IT tfV^ 

AUCUUGG 


CUGAuGAiAaCCuAAAliG^ 


AAACUGU 




GUuUCAG 


CUGaUGAGGCCGAAAGGCCGaA 


AUCUUSG 




CASwiUA 


Pf IT" AT IPA^yWV A A A rtlWV^ A A 




968 


AACAGCA 


C!lJGAjUGA£3GCGGAAA£3GCOGAA 


AGAGCUC 


975 


IX3CUC5CO 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGCAU 


976 


UUGCUGC 


CtXaADGAQCjCXGAAAGGCCGAA 


AACAGCA 


991 




CUGAUGAGQCCGAAAfiGCCGAA 




992 


CAUAUOG 


CUGA.UGAOGCCGAAAGGCCGAA 


AAUCCAC 


993 


UCAUAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AAAOCCA 


997 


GUUGUCA 


CtXSAUGAQGCCGAAAGGCCGAA 


AUUGAAA 


1016 


ACACAUG 


CUGAUGAOOCCGAAAGGCCGAA 


AGCUGUG 


1017 


GACACW 


CtXSAUGAGGCCXaVAAGGCCGAA 


AAGCUGU 


1024 


UUGAUGA 


CUGAUGAOGCCGAAAGGCCGAA 


ACACAUG 


1026 


Acuua\u 


CUGAUGAQGCCGAAAOGCXXIAA 


AGACACA 


1029 


CAUACUU 


CUGAUGAOGCCGAAAGGCXIGAA 


AUGAGAC 


1034 


AUGUCCA 


OJGAUGAGGCCGAAAGGCCGAA 


ACUUGAU 
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10i2 ACTCOUA axy^lX»0CXXX3AAAGG0CGAA AIX3UCCA 

1043 CACUCUU OXSAIX^GCXTGAAAGGCCGAA AAUGUCC 

1044 OCACUCU OXSAOSAGGCCGAAAGGCOGAA AAAUGOC 
1054 AAOGOCU OXSAUGAiGGCCGAAAGGCXXlM AWCACU 

1061 CCAGUUQ CUGAOSAOXCGAAAGOCCXSAA AOGUOX; 

1062 UCCA(3UU CUGAUGAGGCCGAAAGGCCGAA AAGGUCU 
1072 UUGGUUG CUGJVUGAOGCCGAAAGGCCGAA AUUCCAQ 

1090 tXAOGAA OIGAUGAOGaXSJUUVGGCC^ WGOKXJ 

1091 AT3CA0GA CUGMX3AQXOGAAAOQCCX3AA AAUQCUC 

1092 UAtXZAOG CUGAUGAOOrGMAiGGCC^ MAUGCU 

1093 UUAOCM COGAtXSAQGCCGAAAGGCCGAA AAAAUOC 
1099 AGCAOGU OX^UQAOGCCGAAAGGCCGAA AUCAGGA 
1107 AGGAtJQG aX»XX»OGCGGAAAGGCOQAA AGCAGGU 
1112 GGCCCAG OXSAIXSAGGCCGAAAGGCCGAA AUGGGAG 

1122 UUAAGCa CUGAOGAGGCCGAAAGGCCGAA AUGGCCC 

1123 AUUAAGG OXSAUCyUXCCGAAAGGCCGAA AAUGGCC 

1127 UGAGADU CIXSAIXSAOGCCGAAAGGCCGAA AGGUAAU 

1128 CUGAGAU OX^AXXSAGGCCGAAAGGCXXSAA AAGGUAA 
1131 UUACUGA OXSAtKSAGGCCGAAAGGCCGAA AUUAAGG 
1133 AUUUACU CUGAUGAOGCCX^AAAGGCXXIAA AGAUUAA 
1137 UUCCAOU CUGAtX^AOGCCXSAAAGGCCGAA ACUGAGA 

1146 IXJVCAAA OlGAKKUWOGCCGAAAOGaXIUU^ AUOCXAU 

1147 AXXACAA CUGAIX3A0GCCGAAAGGCCGAA AAUCXTA 

1148 UAtXlACA CUGAUGAOGCCGAAAGGCCGAA AAAUUCC 

1149 AUAUCAC OJGAUGAGGCCGAAAOGCCGAA AAAAOUC 
1155 GGCAGCA CUGAUGAGGCCGAAAGGCCGAA AUCACAA 
1169 AAAGCAG OXSAUGAGGCCGAAAGGCCGAA AGGUCAG 

1175 UGGGGCA CXKAUGAQGCCGAAAGGCCGAA AGCAGUA 

1176 UUGGGGC CUGAUGAGGCCGAAAGGCCGAA AAGCAGU 
1214 CCUUCOC COGAUGAGGCCGAAAGGCCGAA AUCUCOC 
1230 CAGGGCG COGAtJGAGGCCGAAAGGCCGAA ACACUUU 
1239 ACOGUUA CUGAUGAGGCCGAAAGGCCGAA ACAGGGC 
1241 ACACUGU CUGAUGAGGCCGAAAGGCCGAA AUACAGG 
1249 UOCUGCG OXSAUGAGGCCGAAAGGCCGAA ACACOTU 
1275 ACCUUCA CUGAUGAGGCCGAAAGGCCGAA AUCUUUD 
1283 CGGAGGC CUGAUGAGGCCGAAAGGCCGAA ACCUUCA 
1288 GATOACG CUGAUGAGGCCGAAAGGCCGAA AGGCUAC 
1292 AAOAGAU CUGAUGAGGCCGAAAGGCCGAA ACGGAGG 
1295 CAGAAGA CUGAUGAGGCCGAAAGGCCGAA AUGACGG 
1297 CCCAGAA OXSAUGAGGCCGAAAOGCCGAA AGAUGAC 

1299 AtJCCCAG CUGAOIAGGCCGAAAOGCCGAA AGAGAUG 

1300 UAUCCCA CUGAUGAGGCCGAAAGGCCGAA AAGAGAU 
1307 AUCCAUG CUGAUGAGGCCGAAAGGCCGAA AUCCCAG 
1315 UCCCCAC CUGAUGAGGCCGAAAGGCCGAA AUCCAUG 
1324 GCCUCAU CUGAUGAGGCCGAAAGGCCGAA AUCCCCA 

1334 AGGGAAG CUGAUGAGGCCGAAAGGCCGAA AUGCCUC 

1335 AAGGGAA CUGAUGAGGCCGAAAGGCCGAA AAUGCCU 

1337 UUAAGGG CUGAUGAGGCCGAAAGGCCGAA AGAAUGC 

1338 GUUAAGG CUGAUGAGGCCGAAAGGCCGAA AAGAAUG 



wo 



1342 


AOUUGOU 


1343 


AAUUUGU 


1350 


CAOCUUA 


1351 


ACAGCUU 


1352 


AACAGCU 


1359 


OSGGUAA 


1360 


GUGGGUA 


1361 


AGUOGGa 


1362 


UAGUGOG 


1369 


GGUGAGG 


1373 


AGAAGGU 


1378 


UUUUAAG 


1379 


UUUUUAA 


1381 


GGUUUOU 


1382 


AGGUUUU 


1390 


UCUGAAA 


1392 


AAUCUGA 


1393 


UAAUCUG 


1394 


UOAAUCU 


1399 


UCAGCUU 


1400 


UUCAGCU 


1412 


AUCUUGU 


1413 


CAUCUUG 


1429 


GGAGAGG 


1433 


GAAAGGA 


1435 


GAGAAAG 


1438 


GGGGAGA 


1439 


UGGGGAG 


1440 


AUGGGGA 


1442 


AUAUGGG 


1448 


AAUUGCA 


1455 


UUAAGCA 


1456 


AUUAAGC 


1460 


UUACAUU 


1461 


GUUACAU 


1466 


AAGAGGa 


1471 


AAAAGAA 


1473 


GCAAAAG 


1474 


GGCAAAA 


1476 


AUGGCAA 


1477 


CAUGGCA 


1478 


ACAUGGC 


1486 


GA^UGGA 


1487 


AGAAUGG 


1488 


CAGAAUG 


1492 


AUGGCAG 


1493 


GAUOGCA 


1500 


AAUUCAA 


1502 


ACAAUUC 
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C0GAUGA0GCCGAAAGGCXX3AA AGQGAAG 
OXyUXSAQGCCGAAAOXX^tf^ AAGGGAA 
aX3AUGtf^QG<XGAAAGGCCGAA AUUUGUU 
OXSAOGAGGCCGAAACSGCrGAA AAUUUGU 
OXSAIXSAGGCCGAAAGGCCGAA AAAUUUG 
CUGAUGAGGCCGAAAGGCXXykA ACAGCUU 
aXSAUGAOGCayU»LAGGCCGAA AACAGCU 
CUGAtXSAGGOXSAAAGGCCGAA AAACAGC 
OJGAUGAOGCCGAAAOGCCGAA AAAACAG 
CUGAUGAQGCCGAAAGGCCGAA AGUGGGU 
CUGAUGAGGCCGAAAGGCCGAA AGGUAGU 
OXU^UGAGGCCGAAAGGCCGAA AGGUGAG 
CUGAtlGAOGCCXaAAAGGCCGAA AAGGUGA 
CtXSAtJQAGGCCGAAAGGCCGAA AGAAGGU 
CUGAUGAGGCCGAAAGGCCGAA AAGAAGG 
CUGAUGAGGCCGAAAGGCCGAA AGGUUUU 
CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
CUGAUGAGGCCGAAAGGCCGAA AAGAGGU 
CUGAUGAGGCCGAAAGGCCGAA AAAGAGG 
CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
CUGAUGAGGCCGAAAGGCCGAA AAUCUGA 
OXjAUGAGGCCGAAAGGCCGAA ACUGUUC 
CUGAtlGAGGCCGAAAGGOCGAA AACUGUU 
CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
CUGAUGAGGCCGAAAGGCCGAA AGGGAUG 
CUGAUGAGGCCGAAAGGCCGAA AGAGGGA 
CUGAUGAGGCCGAAAGGCCGAA AGGAGAG 
CUGAUGAGGCCGAAAGGCCGAA AAGGAGA 
CUGAUGAGGCCGAAAGGCCGAA AAAGGAG 
CUGAUGAGGCCGAAAGGCCGAA AGAAAGG 
CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
CUGAUGAGGCCGAAAGGCCGAA AUUGCAU 
CUGAUGAGGCCGAAAGGCCGAA AAUUGCA 
CUGAUGAGGCCGAAAGGCCGAA AGCAAAU 
CUGATXSAGGCCGAAAGGCCGAA AAGCAAA 
CUGAUGAGGCCGAAAGGCCGAA ACAUUAA 
CUGAUGAGGCCGAAAGGCCGAA AGGUUAC 
CUGAUGAGGCCGAAAGGCCGAA AGAGGUU 
OXSAUGAGGCCGAAAGGCCGAA AAGAGGU 
CUGAUGAGGCCGAAAGGCCGAA AGAAGAG 
CUGAUGAGGCCGAAAGGCCGAA AAGAAGA 
CUGAUGAGGCCGAAAGGCCGAA AAAGAA3 
CUGAUGAGGCCGAAAGGCCGAA ACAUGC-C 
CUGAUGAGGCCGAAAGGCCGAA AACAUGG 
CUGAUGAGGCCGAAAGGCCGAA AAACAUG 
CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
CUGAUGAGGCCGAAAGGCCGAA AAUGGAA 
CUGAUGAGGCCGAAAGGCCGAA AUGGCAG 
CUGAUGAGGCCGAAAGGCCGAA AGAUGGC 



PCTAJS95/15516 



wo 96Jir736 



176 



PCT/US95/155I6 



1S07 ACAMAC C0C3AUGAGGC0GAAAGGCCGAA AUOCAAG 

1510 COSACAA OWAUGAGGCOCSAAAGGCCGAA ACAAUUC 

1512 GGCW3AC CUGAW3AOGCC3GAAAGGCCGAA AGACAAU 

1515 A0U3GCU CW»W3a«X3CCaAAAQGCCGAA ACAAG»C 

1523 GAUAAtC CtXa«Xa(3GCCGAAAGGCCC3AA AUOGGCU 

1524 AGAUAAU aiGAtX»GC3CXX3JUUU3GCCGAA AAUUOGC 

1527 AAUAGAU CW3AIX»GC3CCGAAAOGCCGAA AUGAAOU 

1528 UAAUAGA C0GAW3AGQCC(SAAA0GCCGAA AAOSAAU 
1530 ODOAAUA COQAOCSAGCJCOQAAAOQCCGAA AUAAUC3A 
1532 OGOOUAA CW»UCyVQ(XCGaUVAGQCCGAA AGAUAAU 

1534 AGUGUUU CUC3AWC3AGGCCGAAAGOCCGAA AUAGAUA 

1535 UAGUGUU COaAUGAQOCCGAAAGOCCGAA AAUAGAU 
1542 CUCAAAU CUGAOSAfiGCCGAAAGQCCGAA AGUC300U 
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Table BIV: Mouse B7«l Hammerhead Ribozyme Target Sequences 



nt HH Target Sequence 
Position 



o 
O 




a 




1 n 


guuuuAU 


A 




1 f\ 
xu 


v»UUUUaU 


a 


r<«^iPAATl 


1 d 




c 




1 n 
xo 




n 




xo 




a 




1 A 




a 












25 


U V. VJ 


u 


aCYiAGiiii 






a 


lAr^nm 






a 




A? 




a 




29 






cmOOCtJc 










34 








34 


CUAGUuU 


Q 


UCUuuuU 


34 


cUAcrOuU 




uCuUuUU 


40 




u 




41 




\1 




d1 

'mX 






r^Gout Iff 


42 


uCUuuUU 


C 


AGguugu 


56 


UGAAACU 


C 


AAcCuuC 






L. 








ry 








FT 

ti 


A A^ A ^ 


A2 




U 


caaAGac 


63 


CAACCUU 


c 


aaAGACa 


73 


aGAcAcU 


c 


UCSuUCcA 


77 


acUOTgU 


u 


cCAuOCX: 


78 


CucOGUU 


c 


CauUUCU 


83 


UucCAuU 


U 


CUGUggA 


93 


GUggAcU 


A 


AuAGgAu 


93 


gUgGacU 


a 


AUAGgaU 


93 


gOGgAcU 


a 


AuAGGAU 


96 


GAcuAAU 


a 


GGAUcaU 


96 


gacuAAU 


a 


gGAuCaU 


101 


AUaOGAU 


c 


aUCuUuA 


104 


GGAuCAU 


C 


uuuAgCa 


104 


GGAUCAU 


c 


UUUagcA 


106 


AuCAUCU 


u 


UagcAUC 


107 


UcAuCuU 


u 


AGCAUCU 


107 


uCaUCUU 


u 


AgcAuCU 



nt HH Target Sequence 
Position 



108 








108 


CADcUUU 






131 




Q 


v*ciogcwu 


142 


aClhiCUtJ 


u 




142 


oCuUCUU 




UUcUaCa 


143 


CUuCUUU 


u 


UCllaCAU 


143 


CuUcUuU 


u 


uCuAcAU 


143 




u 




143 


cUUCuUU 




UCUAcau 


144 


UuCuUuU 


u 


cUaCAuC 


144 


UuCliuuU 
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144 








147 


uUOUuCU 




cAuCUCU 


153 


xiAcAuCU 


c 


ugUUUCU 


165 


uCUCgAU 


u 


UuUgUgA 


165 


uCUcgAU 




UuuGOaA 


165 


ucucgAU 


u 


UUUGUGA 


166, 


CUCoAUU 




uUaUaAG 


167 


uCoAtlutl 






167 

JLw r 


uCVsauwU 




UVivUgAgu 


1 ^"7 

lO / 


nr'^ATTT'lTT 

uv^gAuuu 


u 


ugugAuc 


1 CO 

loo 


«..«/^Hf If * .rT 
CUAUVJUU 


u 


gUgAGCC 


168 




u 




197 


GCUccAU 




GoCUcUA 


202 


aUUGGCU 








tlTStArrArT 


TT 
U 




216 


CCUGGCU 


U 


UcCcCau 


217 


cUGGCOU 


a 


CcCcaUc 


217 


cUiiGCuU 


u 


CccCAUC 


217 


CUOGCUU 


u 


CCcCauC 


218 


UGCkruUU 


c 


ccCaUCA 


218 


UGGCUUU 


C 


cCcaUca 


218 


tX^gCuUU 


c 


cCcaUCA 


218 


ugGcUDU 


c 


CCCAucA 


224 


UCcCCAU 


c 


aUGuUCu 


224 


UccCCAU 


c 


aUGuucCJ 


230 


UCAugUU 


c 


UccAAAg 


232 


AuGUUcO 


c 


CAaAGCa 


232 


AUQuUcU 


c 


caaAGCA 


232 


AugUDCU 


c 


cAAAgCa 


241 


AAAGcAU 


c 


UgAAGcu 


241 


aAAGCAD 


C 


UCSAAGCu 
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24X 


AAAgcAU 


c 


UGAAScU 


249 


UGAAgrcU 


A 


UGGCuuG 


264 


CAAuUgU 


c 


AGuUGaU 


287 


CAcCaCU 


c 


CUcaagU 


295 


CUCaAgU 


u 


UCcaUGU 


295 


cuCAaGU 


U 


UCCAUgu 


296 


uCAAgUU 


\j 


ccAUgUc 


297 




C 




297 








314 




11 

u 




314 




u 




315 






Lf vlw 


315 






V WN— V4W W 






n 

w 




318 








318 


CAUuGuU 


c 


UCuOUgu 


320 


uOCUUCU 


c 


uuUGuGC 


320 


UUCuuCU 


c 


UUuGUGC 


322 


CXiuCUCU 


u 


uGUGCUG 


322 


CUucuCU 


u 


UgUGCUG 


323 


UUcuCUU 


u 


gOGcugC 


336 


gcUGAUU 


c 


GUCuUUc 


341 


uUOGuCU 




OCacAAG 


341 


UUCaucU 




U<^AcAAfi 


342 




U 




343 


cgiicUuU 




AcAAGUG 


343 


cGuCuCJU 






352 




p 


111 lo&f^&lt 
UUV../v«anlJI 


355 


^ W lil^v W W 






382 








408 




u 




414 


UUGccaU 


tj 


aCAACTJc 


414 




^ 


Af!!AAcn<** 

mka^Vl W Vr/ V» 


421 








426 




c 


augiwvg/i 




CjauuAgu 


c 


uQiAaCjac 


452 




r 




454 


CGaAOCU 


A 


CUGGCAA 


484 


GuGCtlgU 


c 


UGucaUU 


484 


GugCUGU 




UguCAuU 


488 


ugUcUSU 


c 


AUUGCUg 


503 


gGAAacU 


A 


aAAGuGu 


503 


ggAAAcU 


a 


AAagUGU 


520 


CCCGAGU 


A 


uAAGAAC 


535 


cGGAcUU 


U 


aUaUGAc 


536 


GGAcUUU 


a 


UaUGAcA 


538 


AcUaUAU 


a 


UQACaac 


553 


dcuACCU 


a 


cUCUcUU 


553 


AcUaCcU 


a 


cUCUcUU 



556 


ACCoACU 


c 


uCXTuAuC 


556 


AcCuAca 


c 


ucOUAUC 


560 


AcUcUCU 


u 


aUCAuCC 


561 


cUCuCUU 


a 


UcAuCCU 


561 


cuCUcuU 


a 


uCAUCCU 


561 


COCUCuU 


21 


UCaiiCX^ 


566 


UUaUcAU 


c 




566 


uUaiiCAU 


c 


CUGGGCC 


581 


UGGuCcU 


u 




583 




c 


AgaCcGG 


583 


GuCcUUU 






598 








608 








611 


GUGUcgU 




CAaaaGA 


611 


GUGUcGU 


u 


CaaAAGa 


612 


UGUcGUU 


c 


aaAAGaA 


641 


atXiaAGCJ 




aaACaCU 


649 


AAAcacU 


u 




649 


AaaCAcU 


u 




655 


UUggcuU 


u 


A(3UAAAig 


656 


UGgcUUU 


a 


GUAAAgu 


659 


CuUuaGU 


A 


AAGUugu 


664 


GUaAaGU 


u 


aUCcaUC 


667 


AaGUUgU 


c 


caUCAAA 


671 


UaUCcaU 


c 


AAAGCT1G 


682 




u 




682 


GCUGACU 


u 




682 


GCUSacU 


u 


cuCuACc 


683 








683 








685 








665 




c 




687 




A 


^ W l_ <k>/\CL 


698 


ccAACAU 








VA-aacnu 


* 


AwUvjaxjU 




iiACWv-Fau 




lAjCAgAC 


718 


aaCCCAU 


c 


UGCAgac 


729 


AGACacU 


A 


AaAgGAu 


729 


agAcAcO 


A 


aAAGGAU 


729 


agACAcU 


a 


AaAgGAU 


737 


aAAGGAU 


u 


AccUGCU 


737 


aAAGgAU 


U 


AccUGCu 


737 


aaagGAD 


u 


ACaJGCU 


745 


aCCTGcU 


U 


UGCuuCc 


745 


accCXScU 


u 


UGCUuCC 


759 


cGggGgU 


U 


uCCCAAA 


759 


cGgOGGD 


u 


UcCcAaa 


759 


cGGgGGU 


U 


UcCCAaA 


760 


GggGgUU 


u 


CCCAAAG 
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760 


gGGgOOU 


u 


cCCAaag 


760 


CGgGGUO 


U 


cCCAaAG 


761 


GgGGUUU 


c 


CCAaAGC 


771 


aAAgccU 


C 


GCuUCUC 


771 


AaAGCCU 


c 


gCuUCUC 


776 


CUCgCUU 


c 


UcUOggfu 


116 


CUCgCuU 


c 


UCuUGGU 


lis 


CgCuUCU 


c 


uUGGUUG 


784 


UCuUGGU 


a 


OGAAAAU 


803 


GAGaaUU 


A 


CXXigGcA 


803 


gAGAAUU 


A 


ccUGgCA 


803 


gagAaUU 


a 


CXrOGgcA 


812 


cUGgfCAU 


c 


AAuACgA 


812 


CUGGcAU 


C 


aAuaCgA 


816 


caUCAAU 


A 


cGACAAu 


816 


cAUCaAU 


a 


cgACAaU 


824 


CgACMU 


U 


UCCCAgG 


825 


gACAaUU 


U 


CCCAgGA 


826 


ACAaUUa 


C 


CCAgGAU 


834 


CCAgGAU 


C 


CUGAAuC 


841 


CcUGaaU 


C 


ugAAUOG 


841 


cCUGAaU 


c 


UGAAuUg 


850 


gAAutXJU 


A 


CaCraOu 


869 


gccAaCU 


a 


gAUuUCA 


669 


GCXAaCU 


a 


GAuUUca 


869 


GCCAAcU 


a 


gaUuUCa 


873 


acUaGAU 


u 


UCAaUAc 


873 


ACUaGAU 


U 


UGAAUAc 


874 


CUaGAUU 


U 


CAAUAcG 


875 


UaGAUUU 


C 


AAUAcGA 


885 


UAcgACU 


c 


gcAACCa 


899 


ACACCaU 


u 


aAgUgUC 


899 


ACAcCaU 


u 


AaGUGUC 


906 


UaaGUGU 


c 


UcaUuAA 


906 


uAaG(X^ 


c 


UCAUuAA 


908 


aGOGUCU 


C 


AUxiAAaU 


911 


GUCUCAU 


u 


AAaUA[X3 


916 


AUuAaaU 


a 


UGGaGAu 


916 


AXJuAAaU 


A 


UOGAgAU 


943 


gAGgaCU 


U 


CAcCUGO 


944 


AGgaCUU 


C 


AcCUGGg 


1001 


UGCOcUU 


u 


GggGCAg 


1034 


CAGucGU 


c 


gOCauCG 


1037 


UcGUCgU 


C 


AuCguUS 


1043 


uCAUCgU 


U 


GucAUCA 


1046 


ucgUUGU 


c 


AuCAUCA 


1049 


uUguCaU 


C 


AuCAAAU 


1060 


aAAUQcU 


U 


CUGUaag 


1060 


AAaUgCU 


u 


cUgUaAG 



1060 


aAAUgcU 


u 


cUGUaAG 


lUoO 


AAAugCU 


u 


cUgUaAG 


lOol 


AAWcUU 


c 


lX3Uaagc 


iOoO 


AagcugU 


u 


UCAGAAG 


1080 


AAOOISU 


U 


UcAgaag 


1081 


AgCXiGUU 


u 


CAgaAga 


1121 


acAGcCU 


U 


ACCuUcg 


1121 


AcAgCCU 


u 


aCCuUcG 


1121 


ACagCCU 


u 


ACCUlTCg 


1122 


CaGcCuU 


a 


cCUUCgG 


1126 


CTuACCU 


u 


CgGgccU 


1127 


UUaCcUO 


c 


ggGcCUG 


1127 


UuACcUU 


c 


GggCCUg 


1144 


GaagCAU 


u 


AgCUgAA 


1144 


gaAGcaU 


u 


AOCUGAA 


1145 


aAgcAUU 


a 


GCUgAAC 


1160 


AGAcCgU 


c 


UUCCUuu 


1162 


AcCgUCU 


u 


CcUOuaG 


1163 


ccGUCUU 


c 


COUuaGO 


1167 


cUUCcUU 


u 


AGuUOJU 


1177 


uUCUUCU 


c 


UguCCAU 


1181 


UCuCugU 


c 


CAuGUSg 


1181 


ucUCUGU 


c 


CAuGUGg 


1192 


gUGGGAU 


A 


CAUGGua 


1199 


aCaUGGU 


& 


UUAugUG 


1201 


AuGgUaU 


u 


aUGUGGc 


1210 


ugUSGcU 


c 


aUGaGGu 


1210 


UGuGGca 


C 


AlXSAGGu 


1223 


GUacAAU 


c 


UUUCUUu 


1225 


ACAAUcU 


U 


tXHJuUca 


1225 


ACAAuCU 


u 


uCuUucA 


1226 


caAuCUU 


u 


cUuUCAG 


1227 


aAucUUU 


c 


UUUCAGC 


1227 


AAucuuU 


C 


UUUCAGc 


1227 


AAuCUuU 


c 


uUUcaGC 


1229 


ucUUUCU 


U 


UCAGCaC 


1230 


cUUUCUU 


u 


CAGCaCc 


1252 


cUgAUCU 


u 


UcggACA 


1274 


acaAGAU 


a 


gAGuUaA 


1310 


UGAgGaU 




uCuUuCc 


1312 


aGgAUUU 


c 


UuUcCAu 


1314 


gAUUUcU 




UcCAuCA 


1316 


UUUcUuU 


c 


CAuCAgG 


1320 


UUUcCaU 


C 


AGgAAGC 


1320 


UOOCcaU 


c 


aggaAGC 


1339 


GgCAagU 


u 




1355 


cUuUgAU 




GCUUgAU 


1437 


gUGguaU 


A 


aGAAAAA 


1437 


gUggUAU 


a 


.-J3AAaaA 
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1475 


9CCUAGU c UUaCUGc 


1477 


CUaGUCU U Arflnnnm 


1487 


ugCAaCU U gAUaUGU 


1491 


AcuUGAU a UGUCAUg 


1491 


aCOUgaU a UGuCAOG 


1505 


gUUUGgU U ggUGUcu 


1530 


uGCCcUU u uCUgAAg 


1531 


GCccUUU u CUGAagA 


1532 


CcCuUuU C UGAAGAa 


1532 


CcCuuuU C UGAaGAG 


1644 


CUaUGGU u gggAUGCJ 


1652 


ggGAuGU a AaAAcGG 


1652 


GgGAugU a aAaAcOG 


1670 


aUaAUAU a AaUAuUA 


1674 


uAuAAAU a UuAaaUa 


1676 


UaAaUAU u aAatXAAA 


1677 


AAauAUU a AAuaAAA 


1677 


AaaUAUU A AAuAaaA 


1694 


AGagUaU u gAGcAAA 
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Table BV: Mouse B7-1 Haxnmerfaead Ribozyme Sequences 



nt. HHBibozynie Sequences 

Pofiitian 



o 
o 








1 r\ 








XU 








1 A 






V JTXf TX 






wUGAUGAGQUV\>AAAbGCA!AaAA 


AUUkLiAGG 


1 o 


AAGAGUC. 


CUGALMAt^jCXAiAAACA^ 


AUUGAGG 


18 


AAGAGuC 


CUGAUGA£*SC-CGAAAiCXjCU^^ 


AUUGACiG 


23 


CUAGUAA 


CuGAUGAGGCjCQAAAGGCCGAA 


AGUCUAU 


2d 


AACUAGu 


CIXiAIaaAGGCCGAAAGGCCGAA 


AGAGUCU 


2b 


AAACUAG 


CUGAUGAOGCCGAAAGGCCGAA 


AAGAGUC 


•^o 
25 


GAuAAAC 


CuGAUGAGGCCUAAAGGCCGAA 


AGUAAGA 


•^n 


GAGAAAC 


V Ik nr» Ik ^^rwv^ 5k Ik fcrw>'>^ik * 


Ik/^TIk X/^ X 

AGUAA*jA 




CjJiLaAAAC 


CAXjAUUAGGCCUAAAGGCAAi^^ 


X^^TTk X ^X 

AGUAAGA 


^7 


GAGAAAu 




AGUAACxA 


34 


AAAAAGA 


GjGAuGAGGCCGAAAGGCXjGAA 


AAACUAG 


34 


AAAAAGA 


CUGAUGAGCCCGAAAGGCX^GAA 


AAACUAG 


34 


AAAAAGA 


OJGAUGAGGCCGAAAGGCCGAA 


AAACUAG 


40 


AACCTGA 


CUGAUGAGGCCGAAAGGCCGAA 


AAAGAGA 


41 


CAACCUG 


CUCjAUGAGGvJLJGAAAGCjCu^^ 


X & X xo so 
AAAAuALa 


41 


CAACCUG 


OTGAUGAQGCCGAAAGGCCGAA 


AAAAGAG 


4^ 


AUAAm^ 


CJUGAUGAUGLa«GAAAGCjC^ 


X Ik X X %^x 

AAAAAGA 


DO 


GAAGGUu 


ClXSAlXxAGGCCGAAAGGCCGAA 


AGUuUCA 


56 


GAAGGUU 


cugaogaggccgaaaggcxx;aa 


AGUUUCA 


62 


GUCUUUG 


CUSAUGAGGCCGAAAGGCCGAA 


AGGUUGA 


62 


GUCUUU3 


COGAUGAGGCCGAAACGCCGAA 


AGGUUGA 


62 


GUCUUUG 


CUGAUGAGGCCGAAAGGCCGAA 


AOGUOGA 


63 


OGWCOOU 


CUGAUGAGGCCGAAAOGCCGAA 


AAOGOUG 


73 


UGCAACA 


aX3AIXSAa3CCGAAAGGCCGAA 


AGUGUCU 


77 


GAAAUGG 


aXSAlXIAGGCCGAAAGGCCX^ 


ACAGAGU 


78 


AGAAAUS 


OIGAIXSAOGCOSAAAGGCCGAA 


AACAGAG 


83 


UCCACAG 


aX3AUGAGGCCGAAAGGCCGAA 


AAUGGAA 


93 


AUCCUAa 


aXSAUSACSGCCGAAAGGCCGAA 


AGUCCAC 


93 


AUCCUAU 


CUGAUGAGGCCGAAAGGCCGAA 


AGUCCAC 


93 


AUCCUAU 


CUGAUGAGGCCX3AAAGGCCGAA 


AGUCCAC 


96 


AUGAUCC 


OKIAUC^GGCXXSAAAGGCCGAA 


AUUAGUC 


96 


AUGAUCC 


CUGAUGAGGCCGAAAGGCCGAA 


AUUAGUC 


101 


UAAAGAU 


CUGAUGAGGCCGAAAGGCCGAA 


AUCCUMJ 


104 


UGCUAAA 


CUGAUGAGGCCGAAAGGCCGAA 


AUGAOCC 


104 


UGOJAAA 


CUGAUGAGGCCGAAAGGCCGAA 


AUGAUCC 


106 


GAUGCUA 


CUSAIX3AGGCCGAAAGGCCGAA 


agauga;:; 
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107 AGAUGCU CUGAtXyvGGCCGAAAGGCCGAA AAGAUGA 

107 AGAUGCU CUGAUGAGGCCGAAAGGCCX3AA AAGAXX3A 

108 CAGAUGC CUGAIXSAGGCCGAAAGGOCGAA AAAGAUG 
108 CAGAUGC CUGAUGAGGCCGAAAGGCCGAA AAAGAUG 
131 AAGCCUG CUGAUGAGGCCGAAAGGCCGAA AUGGCAU 
142 UGUAGAA CUGAUGAGGCCGAAAGGCCGAA AAGAAGC 

142 UGUAGAA OXSAUGAGGCCGAAAQGCCGAA AAGAAGC 

143 AIX3UAGA CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
143 ACXM^ CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 
143 AIX3UAGA CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 

143 AUGUAGA CUGAUGAGGCCGAAAGGCCGAA AAAGAAG 

144 GATOUAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
144 GAUGUAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
144 GAXXSXIAG CUGAUGAGGCCGAAAGGCCGAA AAAAGAA 
147 AGAGAUG CUGAUGAGGCCGAAAGGCCGAA AGAAAAA 
153 AGAAACA CUGAUGAGGCCGAAAGGCCGAA AGAUGUA 
165 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 
165 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 

165 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUCGAGA 

166 CUCACAA OXSAUGAGGCCGAAAGGCCGAA AAUCGAG 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 
167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 

167 GCUCACA CUGAUGAGGCCGAAAGGCCGAA AAAUCGA 

168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAUCG 
168 GGCUCAC CUGAUGAGGCCGAAAGGCCGAA AAAAUCG 
197 UAGAGCC CUGAUGAGGCCGAAAGGCCGAA AUGGAGC 
202 GAAUCUA CUGAUr ; 'vZCCGAAAGGCCGAA AGCCAAU 
208 AGCCAGG CUGAIa JGGCCGAAAGGCCGAA AUCUAGA 

216 AUGGGGA CUGAUGAGGCCGAAAGGCCGAA AGCCAGG 

217 GAUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 
217 GAUGGGG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

217 GAtXSGOG CUGAUGAGGCCGAAAGGCCGAA AAGCCAG 

218 UGAUGOG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 t^UGOG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAW3AG0CCGAAAGGCCGAA AAAGCCA 
218 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AAAGCCA 
224 AGAACAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
224 AGAACAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 
230 CUUUQGA CUGAUGAGGCCGAAAGGCCGAA AACAUGA 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAD 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
232 UGCUUUG CUGAUGAGGCCGAAAGGCCGAA AGAACAU 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUU 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUOD 
241 AGCUUCA CUGAUGAGGCCGAAAGGCCGAA AUGCUUU 
249 CAAGCCA CUGAUGAQGOXSAAAGGCCQAA AGCUUCX 

264 AUCAACU CUGAUGAGGCCGAAAGGCCGAA ACAAUDG 

287 ACUUGAG CUGAUGAGGCCGAAAGGCCGAA AGUGGUG 

295 ACAUGGA CUGAUGAGGCCGAAAGGCCGAA ACUUGAG 
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295 ACAUGGA CUGAOC»GGCCGAAAGGCCGAA ACUUGaG 

296 GACAUSG CUCaUXSAOGCCXyVAAGGCCGAA AACUUGA 

297 GGACAU5 CUGAUGAGGCXXSAAAGGCCGAA AAACUUG 
297 GGACAtXS OXSADGAQGCCGAAAGGCCXSAA AAACUUG 
314 AGAGAAG CUGAUGAOGCCGAAAGGCCGAA AUGAGCC 

314 AGAGAAG CUGAUGAGGCCGAAAGGCCGAA AUGAGCC 

315 AAGAGAA CUGAtJGAOOCCGAAAGGCCaAA AAUGAGC 
315 AAC5AGAA OXSAUSAGGCCGAAAGGCCGAA AAUGAGC 

317 CAAAGAG CUGAUGAGGCCGAAAGGCCGAA AGAAUGA 

318 ACAAAGA CUGAUGAOGCCGAAAGGCCGAA AAGAAUG 
318 ACAAAGA CUGAUGAOGCCGAAAGGCCGAA AAGAAUG 
320 GCACAAA CUGAUGAOGCCGAAAGGCCGAA AGAAGAA 
320 GCACAAA CUGAUGAOGCCGAAAGGCCGAA AGAAGAA 
322 CAGCACA CUGAUGAOGCCGAAAGGCCGAA AGAGAAG 

322 CAGCACA CUGAUGAOGCCGAAAGGCCGAA AGAGAAG 

323 GGAGCAC CUGAUGAGGCCGAAAGGCCGAA AAGAGAA 
336 GAAAGAC CUGAU3A0GCCGAAAGGCCGAA AAUCAOC 
341 CUUGUGA CUGAUGAGGCCGAAAGOOCGAA AGACGAA 

341 CUUGUGA CUGAUGAOGCCGAAAGGCCGAA AGACGAA 

342 ACUUGUG CUGAUGAOGCCGAAAGGCCGAA AAGACGA 

343 CACUU3U CUGAUGAOGCCGAAAGGCCGAA AAAGACG 
343 CACUUGU CUGAUGAGGCCGAAAGGCCGAA AAAGACG 
352 AUCUGAA CUGAUGAGGCCGAAAGGCCGAA ACACUDG 
355 AACAUCU CUGAUGAOGCCGAAAGGCCGAA AAGACAC 
382 UUUCACU OJGAUGAGGCCGAAAGGCCGAA ACUUGGA 
408 UAACGGC CUGAUGAOGCCGAAAGGCCGAA AGGCAGC 
414 GAGUU3U CUGAUGAOGCCGAAAGGCCGAA ACGGCAA 
414 GAGUUGU CUGAUGAGGCCGAAAGGCCGAA ACGGCAA 
421 AUGAGGA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
426 UCUUCAU CUGAUGAGGCCGAAAGGCCGAA AGGAGAG 
439 GUCUUCA CUGAUGAOGCCGAAAGGCCGAA ACUCAUC 
452 GCCAGUA CUGAUGAOGCCGAAAGGCCGAA AUUCGGU 
454 UUGCCAG CUGAUGAGGCCGAAAGGCCGAA AGAUUCG 
484 AAUGACA CUGAUGAOGCCGAAAOGCCGAA ACAGCAC 
484 AAUGACA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 
488 CAGCAAU CUGAUGAGGCCGAAAGGCCGAA ACAGACA 
503 ACACUUU CUGAUGAGGCCGAAAGGCCGAA AGUUUCC 
503 ACACUUU CUGAU3AGGCCGAAAGGCCGAA AGUUUCC 
520 GUUCUUA CUGAUGAOGCCGAAAGGCCGAA ACUCGOG 

535 GUCAUAU CUGAIX3AGGCCGAAAGGCCGAA AAGUCCG 

536 UGUCAUA CUGAU3AGGCCGAAAOGCCGAA AAAGUCC 
538 GUUGUCA CUGAUGAGGCCGAAAGGCCGAA AUAAAGU 
553 AAGAGAG CUGAUGAOGCCGAAAOGCCGAA AGGUAGU 
553 AAGAGAG CUGAUGAOGCCGAAAGGCCGAA AGGUAGU 
556 GAUAAGA CUGAUGAGGCCGAAAGGCCGAA AGUAGGU 
556 GAUAAGA OXSAUGAGGCCGAAAGGCCGAA AGUAGGU 

560 GGAUGAU CUGAUGAOGCCGAAAGOCCGAA AGAGAGU 

561 AGGAUGA CUGAUGAGGCCGAAAGGCCGAA AAGAGAG 
561 AGGAUGA CUGAUGAOGCCGAAAGGCCGAA AAGAGAG 
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561 AGGAW3A CWSAOGaWXXXXSAAAGGCCGAA AAGAGAG 

566 C30CCCAG CWaUCa«XXX«JVAAGGCOGAA AUGAUAA 

566 GGCCCAG OX^WSAOCXCGAAAGGCCGAA AOGAUAA 

581 QGOOXSA CW3AW3AGGCCGAAAGGCCGAA AGGACCA 

583 CCGGUOJ OX^WSAGGCCGAAAGGOCGAA AAAGGAC 

583 CCGGUCU OXa^OCatfXSCCGAAAGQCCGAA AAAGGAC 

598 ACAGCUS CXX3AUSAGOCCX3JUUU30CCGAA ATOUGCC 

608 UWX3AAC CWSA«3A0GCCGAAAGGCCGAA ACACAGC 

611 UCOUUUO COGAtXSAQGCXXSAAAGGCCXSAA AOGACAC 

611 OCUUUUS CUOAlXSAGGCCGAAAeGCCGAA ACGACAC 

612 UOCUOOU CUSAtlBAGQCCXSAAAGGCXGAA AACGACA 
641 AGUGUOO COGAWSaOGCXXSAAAOGCCGAA ACUUCAU 
649 UAAAGCC CUGAUaAaSCOQAAAOGOCGAA AGtJGUOO 
649 UAAAGCC CUGAtX»GGCCGAAAGGCCGAA AGUGUUU 

655 COUUACU CWSAWSAOGCCGAAAGGCCGAA AAGCCAA 

656 ACUUUAC COQAUOAGGCCGAAAGGCOSAA AAAGCCA 
659 ACAAOro CUGAOGAfltXTGAAMGCXMAA ACUAAAG 
664 GAOGGAC CUGAOSAOGCCGAAAGGCCGAA ACUUUAC 
667 OOUGAUG CUGAUGAGOCCGAAAGGCCGAA ACAACUU 
671 CAGCOUU CUGAUGAGOCCGAAAGGCCGAA AUGGACA 
682 GGUAGAG CUGAUGAQGCCGAAAGOCCGAA AGUCAGC 
682 GGUAGAG CUGAOSAOGCCGAAAGGCCGAA AGUCAGC 

682 GGUAGAG CUGAUGAGOCCGAAAGGCCGAA AGUCAGC 

683 GGGUAGA CWavUGAOGCCGAAAGGCCGAA AAGUCAG 
683 GGGUAGA CUGAUGAGOCCGAAAGGCCGAA AAGUCAG 
685 GOGGGUA CUGAUSAGGCCGAAAOCrTGAA AGAAGUC 
685 GGGGGOA CUGAUGAGGCCGAAAf -GAA AGAAGUC 
687 UUGGGGG CUGAUGAGGCCGAAAC^XXJAA AGAGAAG 
698 ACUCAGU CUGAOGACJGCCGAAAOGCCGAA AUGUUGG 
698 ACUCAGU CUGAUGAGGCCGAAAGGCCGAA AUGUUGG 
718 GUCUGCA CUGAUGAGGCCGAAAGGCCGAA AUGGGUU 
718 GUcOGCA CUGAUGAGGCCGAAAGGCCGAA AUGGGUU 
729 AUCCUUU OXSAOGAOQCCGAAAGGCCGAA AGUGUCU 
729 AUCCUUU CW3AW3AGGOCGAAAGGCCGAA AGUGUCU 

AUCCUUU CUGAUGAGGCCGAAAGGCCGAA AGUGUCU 
A^5CAGGU CUQAWSAGOCCGAAAGGCCGAA AOCCUGU 
AQCAGGU CUGAUSAGQCCGAAAQGOCGAA AUCCOUD 
AQCAGGU CUGAWSAGGCCGAAAGGCCGAA AUCCUUU 

745 GGAAGCA CUGAUGAGGCCGAAAGGCCGAA AGCAQGU 

745 GGAAGCA CUGAU3AG0CCGAAAGGCCGAA AGCAGGU 

759 UUUGGGA CUGAUGaflOCCGAAAOGCCGAA ACCCCCG 

759 UUUGGGA CUGAUGAGGCCGAAAGGCCGAA ACCCCCG 

759 UUUGGGA CUGAUGAGGCCGAAAGGCCGAA ACCCCCG 

760 CUUUGGG CUGAUGAGGCCGAAAGGCCGAA AACCCCC 
760 CUUUSGG CUGAWSAOOCOGAAAOGCCGAA AACCCCC 

760 CUUUGGG CUGAUGAGGCCGAAAGGCCGAA AACCCCC 

761 GCUUUGG CUGAtXSAGGCCGAAAGGCCGAA AAACCCC 
771 GAGAftGC CUGAUGAGOCCGAAAGGCCGAA AGGCUUU 
7/1 GAGAAGC CUGAUGAGGCCGAAAGGCCGAA AGGCUUU 



729 
737 
737 
737 
745 
745 
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776 


ACCAAGA 


CUGAIJGAGGCCGAAAGGCCGAA 


AAGCGAG 


776 


ACCAAGA 


CUGAUGAGGCCGAAAGGCCGAA 


AAGCGAG 


778 


CAACCAA 


CUGAUGAGGCCGAAAGGCCGAA 


AGAAGCG 


784 


AUUUUCC 


CUGAUGAGGCCGAAAGGCCGAA 


ACCAAGA 


803 


UGCCAGG 


OX^AUGAGGCCGAAAGGCCGAA 


AAUUCUC 


803 


IXXrCAGG 


CUGAUGAGGCCGAAAGGCCGAA 


AAUUCUC 


803 


UGCCAGG 


CUGAUGAGGCCGAAAGGCCGAA 


AAUUCUC 


812 


UCGUAOU 


OKSAUSAOGCCGAAAGGCCGAA 


AUGCCAG 


812 


UCGUAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AUGCCAG 


816 


AUUGUCG 


CUGAUGAGGCCGAAAGGCCGAA 


AUUGAUG 


816 


AUUGUCG 


CUGAUGAGGCCGAAAGGCCGAA 


AUUGAUG 


824 


CCUGGGA 


CUSADCSAOGCCGAAAOGCOGAA 


AUUGUCG 


825 


vcaxscG 


CUGAUGAOGCCGAAAGGCCGAA 


AAUUGUC 


826 


AUCCUGG 


CUGAUGAGGCCGAAAGGCCGAA 


AAAUU3U 


834 


GAUUCAG 


CUGAUGAGGCCGAAAGGCCGAA 


AUCCUGG 


841 


CAAUUCA 


CUGMXSAOGCCGAAAGGCCGAA 


AUUCAOG 


841 


CAAUUCA 


CUSAtXSAOGCCGAAAGGCCGAA 


AUUCAGG 


850 


AAUGGTJG 


CUGAUGAGGCCGAAAGGCCGAA 


ACAAUUC 


S69 


UGAAAUC 


CUGAU3AGGCCGAAAGGCCGAA 


AGUUGGC 


869 


UGAAAUC 


CUGAUGAGGCCGAAAGGCCGAA 


ACUU3GC 


869 


UGAAAtX; 


CUGAUGAGGCCGAAAGGCCGAA 


AGUUGGC 


873 


GUAUUGA 


CUGAUGAGGCCGAAAGGCCGAA 


AUCUAGU 


873 


GUAUUGA 


CUGAUGAGGCCGAAAGGCCGAA 


AUCUAGU 


874 


CGUAUUG 


CUGAUGAGGCCGAAAGGCCGAA 


AAUCUAG 


875 


UCGUAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AAAUCUA 


885 


UGGUUGC 


CUGAUGAGGCCGAAAGGCCGAA 


AGUCGUA 


899 


GACACUU 


CUGAUGAGGCCGAAAGGCCGAA 


AUGGUGU 


899 


GACACUU 


CUGAUGAGGCCGAAAGGCCGAA 


AUGGUGU 


906 


UUAAUGA 


CUGAUGAGGCCGAAAGGCCGAA 


ACACUUA 


906 


UUAAtX^A 


CUGAUGAGGCCGAAAGGCCGAA 


ACACUUA 


908 


AUUUAAU 


CUGAUGAGGCCGAAAGGCCGAA 


AGACACU 


911 


CAUAUUU 


CUGAUGAGGCCGAAAGGCCGAA 


AUGAGAC 


916 


AUCUCCA 


CUGAUGAGGCCGAAAGGCCGAA 


AUUUAAU 


916 


AUCUGCA 


CUGAUGAOGCCGAAACGCCGAA 


AUUUAAU 


943 


CCAGGUG 


CUGAUGAGGCCGAAAGGCCGAA 


AGUCOX: 


944 


CCCAGGU 


CUGAUGAGGCCGAAAGGCCGAA 


AAGUCCU 


1001 


CUGCCCC 


CUGAUGAGGCCGAAAGGCCGAA 


AAGAGCA 


1034 


CGAUGAC 


CUGAUGAGGCCGAAAGGCCGAA 


ACGACUG 


1037 


CAACGAU 


CUGAUGAOGCCGAAAOGCCGAA 


ACGACGA 


1043 


tJGAtXSAC 


CUGAUGAGGCCGAAAGGCCGAA 


ACGAUGA 


1046 


UGAUGAU 


CUGAUGAGGCCGAAAGGCCGAA 


ACAACGA 


1049 


AUUUGAU 


CUGAUGAGGCCGAAAGGCCGAA 


AU3ACAA 


1060 


CUUACAG 


CUGAUGAGGCCGAAAGGCCGAA 


AGCAUUU 


1060 


CUUACAG 


CUGAUSAOGCCGAAAGGCCGAA 


AOCACUU 


1060 


CUUACAG 


CUGAUGAGGCCGAAAGGCCGAA 


AGCAUUU 


1060 


CUUACAG 


CUGAUGAGGCCGAAAGGCCGAA 


AGCAUUU 


1061 


GCUUACA 


CUGAUGAGGCCGAAAGGCCGAA 


AAGCAUU 


1080 


CUUCUGA 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGCUU 


1080 


CUUCUGA 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGOrJ 
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1081 UCDOCUG CUGAIXIAOC3CCX3AAAGGCCX5AA AACAGOJ 

1121 CGAAOGU CUGAtX3AOGCCGAAACX3CCX3AA AGGCUGU 

1121 CGAAOGU CXWAUGAOGCCGAAAOGCCGAA AGGCUGU 

1121 CGAAOGU CUGAriGAGGCCGAAAGGCCGAA AGGCUGU 

1122 OCGAAOG CUGAtX3A0GCCGAAAGGCCGAA AAGGCUS 

1126 AGGCCCG CUGAUGAGGCCGAAAGGCCGAA AGGUAAG 

1127 GAGGCOC CUGAUGAGGCCGAAAGGCCGAA AAGGUAA 
1127 CAOGCCC CDGAXIQAGGCCGAAAGGCCGAA AAOGUAA 
1144 UUCAGCU CUGAUGAGGCCGAAAGGCCGAA AUGCUUC 

1144 UUCAGCU COSAUC3AGGCCGAAAGGCCGAA ATOCUUC 

1145 GUUCAGC CUGAUGAGGCCGAAAGGCCGAA AAUGCUU 
1160 AAAGGAA CUGAUGAGGCCGAAAGGCCGAA ACOGUCU 

1162 CUAAAOG OXSAUGAGGCCGAAAGGOCGAA AGACGGU 

1163 ACUAAAG CtXSAUGAOGCCGAAAGGCCGAA AAGACOG 
1167 AAGAACU CUGAUGAGGCCGAAAGGCCGAA AAGGAAG 
1177 AUGGACA CUGAUGAGGCCGAAAGGCCGAA AGAAGAA 
1181 CCACAUG CUGAUGAGGCCGAAAGGCCGAA ACAGAGA 
1181 CCACAUG CUGAUGAGGCCGAAAGGCCGAA ACAGAGA 
1192 UACCAUG CUGAUGAGGCCGAAAGGCCGAA AUCCCAC 
1199 CACAUAA CU3AUGAGGCCGAAAGGCCGAA ACCAUGU 
1201 GCCACAU CUGAUGAGGCCGAAAGGCCGAA AUACCAU 
1210 ACCUCAU CUGAUGAGGCCGAAAGGCCGAA AQCCACA 
1210 ACCUCAU CUGAUGAGGCCGAAAGGCCGAA AGCCACA 
1223 AAAGAAA CUGAUGAGGCCGAAAGGCCGAA AUUGUAC 
1225 UGAAAGA CUGAUGAGGCCGAAAGGCCGAA AGAUUGU 

1225 UGAAAGA CUGAUGAGGCCGAAAGGCCGAA AGAUU^ 

1226 CUGAAAG CUGAUGAGGCCGAAAGGCCGAA AAGA 

1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAa .jO 
1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 
1227 GCUGAAA CUGAUGAGGCCGAAAGGCCGAA AAAGAUU 

1229 GUGCUGA CUGAUGAGGCCGAAAGGCCGAA AGAAAGA 

1230 GGUGCU3 CUGAUGAGGCCGAAAGGCCGAA AAGAAAG 
1252 UGUCCGA CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 
1274 UUAACUC CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 
1310 GGAAAGA CUGAUGAGGCCGAAAGGCCGAA AUCCUCA 
1312 AUGGAAA CU3AUGAGGCCGAAAGGCCGAA AAAUCCU 
1314 UGAUGGA CUGAUGAGGCCGAAAGGCCGAA AGAAAUC 
1316 CCUSAUG CUGAUGAGGCCGAAAGGCCGAA AAAGAAA 
1320 GCUUCCU CUGAU3AGGCCGAAA0GCCGAA AUGGAAA 
1320 GCUUCCU CUGAUGAGGCCGAAAGGCCGAA AUGGAAA 
1339 CCCAGCA CUGAUGAGGCCGAAAGGCCGAA ACUUGCC 
1355 AUCAAGC CUGAUGAGGCCGAAAGGCCGAA AUCAAAG 
1437 UUUUUCU CUGAUGAGGCCGAAAGGCCGAA AUACCAC 
1437 UUUUUCU CUGAUGAGGCCGAAAGGCCGAA AUACCAC 
1475 GCAGUM CUGAUGAGGCCGAAAGGCCGAA ACUAOGC 
1477 UUGCAGU CUGAUGAGGCCGAAAGGCCGAA AGACUAG 
1487 ACAUAUC CUGAUGAGGCCGAAAGGCCGAA AGUUGCA 
1491 CAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 
1491 CAUGACA CUGAUGAGGCCGAAAGGCCGAA AUCAAGU 
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1505 AGACACC OXSMJSAOGCCGAAAGGCCGAA kCCMAC 

1530 COUCAGA OXyvtX^AGGCCGAAAGGCCGAA AAGGGCA 

1531 UCUUCAG CUGAUGAGGCCGAAAGGCCGAA AAAGGGC 

1532 CUCUUCA aXiAlX5AGGCX:GAAACX3CCX5AA AAAAGOG 
1532 CUCUUCA OXSAUGAGGCXXSAAAGGCCGAA AAAAGQG 
1644 ACAUCCC CUGAUOAOGCCGAAAGGCCGAA ACCAUAG 
1652 CCGOUUU CUGAUGAGGCCGAAAGGCCGAA ACAUCCC 
1652 CCGUUUU CUGAUGAGGCCGAAAGGCCGAA ACAUCCC 
1670 UAAUAUU CUGAOGAOGCCGAAAOGCCGAA AUAUUAU 
1674 UAUUUAA CUGAUGAGGCCGAAAGGCCGAA AUUUAUA 
^^^^ UUUAUUU CUGAUGAGGCCGAAAGGCCGAA AUAUUUA 
1677 UUUUAUU CUGAUGAGGCCGAAAGGCCGAA AAUAUOU 

UUUUAUU CUGAUGAGGCCGAAAGGCCGAA AAUAUUU 

1694 UUUSCUC CTOAUGAQGCCGAAAGGCCGAA AUACUCU 
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Table BVI: Hiunan B7-2 Hammeiiiead Ribozyme Sequences 



nt HHTatiget Sequence nt HHTaiigfet Sequence 
Position Position 



IS 


GAAAGOJ V USCUUCU 


271 


UAGUAGU A UUUU0C5C 


17 


AAAGCOU U GCUUCUC 


273 


GUAGUAU U UUGGCAG 


21 


cuuoGCU u cooxxru 


274 


UAGUAUU U UGGCAGG 


22 


UUUGCW C UCOQCXIG 


275 


AGUAUUU U OGCAOGA 


24 


UGCOUCU C UGCUOCU 


294 


GAAAACU U GGUUCUG 


34 


COCXVSU A ACAOOGA 


298 


ACUUQGU U CUOAAUG 


44 


AGGGACU A GCACAGA 


299 


cuix;guu c ugaauga 


70 


GUGGGGU C AUUUCCA 


310 


AUGAGGU A UACUXJAG 


73 


GC3C3UCAU V UCCAGAU 


312 


GAOGUAU A CUUA03C 


74 


GGucAUu u cx:agaua 


315 


GUAUACU U AGGCAAA 


75 


GUCAUUU C CAGAUAU 


316 


UAUACUU A GGCAAAG 


81 


UCCAGAU A UUAGGUC 


330 


GAGAAAU U UGACAGU 


83 


CAGAUAU U AfiGUCAC 


331 


AGAAAUU U GACAGUG 


84 


AGAUAUU A GGUCACA 


340 


ACAGUGU U CAUUCCA 


88 


AUUAGGU C ACAGCAG 


341 


CAGUGUU C AUUCCAA 


112 


AAUGGAU C CCCAGOG 


344 


UGUUCAU U CCAAGUA 


125 


GUGCACU A UGGGACU 


345 


GUUCAUU C CAAGUAU 


137 


ACUGAGU A ACAUUCU 


351 


UCCAAGU A UAUGGGC 


142 


GUAACAU U CUCUOUG 


353 


CAAGUAU A UGGG-XTG 


143 


UAACAUU C UCUUUGU 


368 


CACAAGU U UUGr 


145 


ACAUUCU C UUUGUGA 


369 


ACAAGUU U UGAUuCG 


147 


AUUCUCU U UGUGAUG 


370 


CAAGUUU U GAUUCGG 


148 


UUCUCUU U GUGAOGG 


374 


UUUUGAU U CGGACAG 


159 


AUGGCCU U CCUGCUC 


375 


UUUGAUU C GGACAGU 


160 


UGGCCUU C CUGCUCU 


383 


GGACAGU U GGACCCU 


166 


UCCUGCU C UCUGGUG 


397 


UGAGACU U CACAAUC 


168 


CUGCUCU C UGGUGCO 


398 


GAGACUU C ACAAUCU 


179 


UGCUGCU C CUCTOAA 


404 


UCACAAU C UUCAGAU 


182 


UGCUCOJ C UGAAGAU 


406 


ACAAUCU U CAGAUCA 


190 


UGAAGAU U CAAGCUU 


407 


CAAUCUU C AGAUCAA 


191 


GAAGAUU C AAOCUUA 


412 


UUCAGAU C AAGGACA 


197 


UCAAGCU U AUUUCAA 


426 


AAGGGCU U GUAUCAA 


198 


CAAGCUU A UUUCAAU 


429 


GGCUUGU A UCAAUGU 


200 


AGCUUAU U tX::AAUGA 


431 


CUUGUAU C AAUGUAU 


201 


GCUUAUU U CAAUGAG 


437 


UCAAtX^U A UCAUCCA 


202 


CUUAUUU C AAUGAGA 


439 


AAU3UAU C AUCCAUC 


231 


UC3CCAAU U UGCAAAC 


442 


GUAUCAU C CAUCACA 


232 


GCCAAUU U GCAAACU 


446 


CAUCCAU C ACAAAAA 


240 


GCAAACU C UCAAAAC 


469 


GAAUGAU U CGCAUCC 


242 


AAACUCU C AAAACCA 


470 


AAUGAUU C GCAUCCA 


265 


GUGPiGCV A GUAGUAU 


475 


UUCGCAU C CACCAGA 


268 


AGCUAGU A GUAUUUU 


488 


GAlXiAVJ V CUGAACU 
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489 




c 




498 


GAACUGU 


c 


AGUGCUU 


505 


CAGOGCU 


u 


GCUAACU 


509 


C3CU0GCO 


A 


ACUUCAG 


513 


GCUAACa 


u 


CAGUCAA 


514 


CUAACUO 


c 


AGUCAAC 


518 


CUUCAGU 


c 


AACCUGA 


529 


CUGAAAU 


A 


OUACCAA 


532 


AAAUAGU 


A 


CCAAUUU 


538 


UACGAAU 


U 


UCUAAUA 


539 


ACCAAUU 


u 


CUAAUAU 


540 


CCPJiWa 


c 


UAAUAUA 


542 


AAXTUUCU 


A 


AUAUAAC 


545 


UUCUAAU 


A 


UAAOUSA 


547 


CUAAUAU 


A 


ACAGAAA 


561 


AA.UGUGU 


A 


CAUAAAU 


565 


tXSOACAU 


A 


AAUUUQA 


569 


CAUAAAU 


U 


OGACOJG 


570 


AUAAAUU 


U 


GACCUGC 


579 


ACCUGCU 


c 


AUCUAUA 


582 


UGCUCAU 


c 


UAX7ACAC 


584 


OJCAUCU 


A 


UACACGG 


586 


CAUCUAU 


A 


CACGGUU 


593 


ACACGGU 


U 


ACCCAfiA 


594 


CACGGUU 


A 


CCCAGAA 


605 


AGA^CCU 


A 


AGAAGAU 


619 


UGAGUGU 


U 


UUGCUAA 


620 


GAGUGUU 


U 


tX3CUAAG 


621 


AGUGUUU 


u 


GCUAAGA 


625 


UUUUCXIU 


A 


AGAACCA 


638 


CAAGAAU 


U 


CAACOAU 


639 


AAGAAUU 


C 


AACUAUC 


644 


UUCAACU 


A 


UCGAGUA 


646 


CAACUAU 


C 


GAGUAIX3 


651 


AUCGAGU 


A 


UQAUOGU 


659 


UGAUGGU 


A 


UUAUGCA 


661 


AUGGUAU 


U 


AUGCAGA 


662 


UGGUAUa 


A 


UGCAGAA 


672 


CAGAAAU 


C 


UCAAGAU 


674 


GAAAUCU 


C 


AAGAUAA 


680 


UCAAGAU 


A 


AUGUCAC 


685 


AUAAUGU 


C 


ACAGAAC 


696 


GAACUGU 


A 


CGACGUU 


703 


ACXyiCGU 


U 


UCCAUCA 


704 


CGACGUU 


u 


CCAUCAG 


705 


GACGUUU 


c 


CAUCAGC 


709 


UUUCCAU 


c 


AGCUUGU 


714 


AUCAGCU 


u 


GUCUGUU 


717 


ACSCUIX^U 


c 


UGUUUCA 



721 


IX3UCUGU 


u 


UCAUUCC 


722 


GUCUGUU 


u 


CAUUCCC 


723 


UCOSUUU 


c 


AUUCCCU 


726 


GUUUCAU 


u 


CCCUGAU 


727 


UUUCAUU 


c 


CCUGAUG 


736 


CUGAUGU 


u 


ACGAGCA 


737 


UGAUGUU 


A 


CGAGCAA 


746 


GAGCAAU 


A 


•UGACCAU 


754 


UGACCAU 


c 


UUCUGUA 


756 


ACCAUCU 


u 


CUGUAUU 


757 


CCAUCUU 


c 


UGUAUUC 


761 


CUUCUC3U 


A 


UOCUGGA 


763 


UCUGUAU 


u 


CUGGAAA 


764 


CUGUAUU 


c 


UGGAAAC 


787 


CGOGGCU 


u 


UUAUCUU 


788 


GCGGCUU 


u 


UAUCUUC 


789 


CGOCUUO 


u 


AUCUUCA 


790 


GGCUUUU 


A 


UCUUCAC 


792 


CUUUUAU 


c 


UUCACCU 


794 


UUUAUCU 


u 


CACCUUU 


795 


UUAUCUU 


c 


ACCUUUC 


800 


UUCACCU 


u 


UCUCUAU 


801 


UCACCUU 


u 


CUCUAUA 


802 


CACCUUU 


c 


UCUAUAG 


804 


CCUUUCU 


c 


UAUAGAG 


806 


UUUCUCU 


A 


UAGAGCU 


808 


UCUCUAU 


A 


GAGCUUG 


814 


UAGAGCU 


u 


GAGGACC 


824 


GGACCCU 


c 


AGCCUCC 


830 


UCAGCCU 


c 


CCCCAGA 


844 


ACCACAU 


u 


CCUUGGA 


845 


CCACAUU 


c 


CUUGGAU 


848 


CAUUCCU 


u 


GGAUUAC 


853 


CUU3GAU 


u 


ACAGCUG 


854 


UUOGAUU 


A 


CAGCUGJU 


862 


CAGCUGU 


A 


CUUCCAA 


865 


CUGUACU 


u 


CCAACAG 


866 


UGUACUU 


c 


CAACAGU 


874 


CAACAGU 


u 


AUUAUAU 


875 


AACAGUU 


A 


UUAUAUG 


877 


CAGUUAU 


u 


AUAUGUG 


878 


AGUUAUU 


A 


UAUGUGU 


880 


UUAUUAU 


A 


UGUGUQA 


892 


UGAUGGU 


U 


UUCUGUC 


893 


GAUGGUU 


u 


UCUGUCU 


894 


AUGGUUU 


u 


CUGUCUA 


695 


UGGUUUU 


c 


UGUCUAA 


899 


UUXUGU 




UAAUUCU 


901 


ucusucu 


A 


AUUCUAU 
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904 


GUCUAAU 


u 


CUAUQC3A 


905 




c 


UMX3»A 


907 


UAAUUCU 


A 


UGGAAAU 


935 


GCX3C3CCU 


C 


GCAACOC 


942 


CGCAACU 


C 


TJUAUAAA 


944 


CAACUOJ 


u 


AUAAAOG 


945 


AAOJCTO 


A 


UAAAUSU 


947 


CUCUUAU 


A 


AAUGOGG 


1009 


AAAAAAU 


C 


CAUAOAC 


1013 


AMCCAU 


A 


UI\CCUGA 


1015 


VCCAVAU 


A 


CX:UGAAA 


1026 


GAAAGAU 


c 


UGACX3AA 


1045 


AGOGtXSU 


u 


UUUAA^ 


1046 


GOGUGUU 


a 


UUAAAAG 


1047 


CGOGUUU 


u 


UAAAAGU 


1048 


GOGUUUU 


u 


AAAAGOU 


1049 


UGUUUUU 


A 


AAAGOTC 


1055 


UAAAAGU 


u 


CGAAGAC 


1056 


AAAAGUU 


c 


GAAGACA 


1065 




c 


UUCADGC 


1067 


GACAUCU 


u 


CAtXXXiA 


1068 


ACAUCUU 


c 


AUGCXSAC 


1085 


MGUGKV 


A 


CAUGUUU 


1091 


UACAUGO 


V 


UUUAAOU 


1092 


ACAU3UU 


u 


UUAAUUA 


1093 


CAUGUUU 


u 


UAAUUAA 


1094 


AUGUUUU 


u 


AAUUAAA 


1095 


UGUUUUU 


A 


AUUAAAG 


1098 


UUUUAAU 


u 


AAAGAGU 


1099 


UUUAAUU 


A 


AAGAGUA 
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Table BVIL Human B7-2 Hammerhead Ribozyme Sequences 



nt HHRiboaaane Sequences 

Position 



16 


AGAAGCA 


CUGADGAGGCCGAAAGGCCGAA 


AGCUUUC 


17 




OXSAUGAQGCCGAAAGGCCGAA 


AAGOJUU 


21 


AGCAGAG 


OIQAIXMGGCCGAAAGGCCGAA 


AGCAAAG 


22 


CAGCAGA 


CUGAUGAGGCCGAAAGGCCGAA 


AAGCAAA 


24 


AGCAGCA 


CUGAUGAOGCCGAAAOGCGOAA 


AGAAGCA 


34 


UCCCUGU 


CUGAUGAGGCCGAAAOGCCX3AA 


ACAGCAG 


44 


UCUGUGC 


CtlGAUGAGGCCGAAAOGCXXAA 


AGUCCCU 


70 


UGGAAAU 


cugaiigagqccgaaaggcx:gaa 


ACCCCAC 


73 




CUGAUGAGGCXZGAAAGGCXXSAA 


AUGACCC 


74 


UAUCUGG 


OXSAUGAGGCCGAAAOGCCGAA 


AAUGACC 


75 


AUAUCUG 


COGAOCy^GGCCGAAAGGCCGAA 


AAAUGAC 


31 


GACCUAA 


CUGAUGAGGCCGAAAGGCXXSAA 


AUCUGGA 


83 


GUGACCU 


aX^IJGAOGCXXSAAAGGCXXAA 


AHAlXaJG 


84 


OGUGACC 


CUGAIXSAGGCCGAAAGGCCGAA 


AAUAUCU 


88 


CUGCUGU 


CUGAnGAOGCCGAAAGGCCGAA 


ACCUAAU 


113 


CACUGGG 


CtXyiUGAGGCCGAAAGGCCGAA 


AUCCAUU 


125 


AGUCCCA 


CUGAIX3AGGCCGAAAGGCCGAA 


AGUGCAC 


137 


AGAAUGU 


CUGAUGAGGCCGAAAGGCCG/i A 


ACUCAGU 


142 


CAAAGAG 


OXSAOGAGGCCGAAAGGCCC ' 


AUGUUAC 


143 


ACAAAGA 


CUGAUGAGGCCGAAAGGCCGAA 


AAUGUUA 


145 


OCACAAA 


CUGAUSAGGCXGAAAGGCGGAA 


AGAAUGU 


147 


CAUCACA 


CUGAUC3AOGCCGAAAGGCCGAA 


AGAGAAU 


148 


CCAUCAC 


CUGAUGAGGCXXAAAGGCCGAA 


AAGAGAA 


159 


GAGCAGG 


CU3AUGAGGCCGAAAGGCCGAA 


AQGCCAU 


160 


AGAGCAG 


CWAIXSAGGCXXIAAAGGCCGAA 


AAGGCCA 


166 


CACXAGA 


CtXSAUGAGGCCGAAAGGOCXlSAA 


AOCAGGA 


168 


AGCACCA 


OX^AUGAGGCCGAAAGGCXTSAA 


AGAGCAG 


179 


tJUCAGAG 


OKSAUGAGGCCGAAAGGCCGAA 


AGCAGCA 


182 


ADCUUCA 


CUGAUGAGGCCGAAAGOCCGAA 


AGGAOCA 


190 


AAGCITO 


OXjAXXSAGGCCGAAAGGCCGAA 


ADCUUCA 


191 


UAAGCUU 


CUGAUGAGGCCGAAAGGCXXSAA 


AA0CUUC 


197 


UUGAAAC; 


CUGAUGAGGCCGAAAGGCCGAA 


AGCUUGA 


198 


AUUGAAA 


CUGAtXSAOGCCGAAAGGCCGAA 


AAGCUUG 


200 


UCAUCX3A 


CUGAOGAQGCCGAAAGGCCX^ 


AUAAGCU 


201 


CUCAUIXS 


aX2AUGAGGCCGAAAGGCCGAA 


AAUAAOC 


202 


UCOCAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AAAUAAG 


231 


GUUUGCA 


CUGAUGAGGCCGAAAGGCCGAA 


AUUGGCA 


232 


AGUUUGC 


aX^tX»OGCCX;AAAGGCCGAA 


AAUUQGC 


240 


GUUUUGA 


CUGAUGAGGCCGAAAGGCCGAA 


AGUUUGC 


242 


UGGUUUU 


CUGAUGAGGCCGAAAGGCCGAA 


AGAGUUU 


265 


AUACX7AC 


CUGAUGAGGCCGAAAGGCCGAA 


AGCUCAC 
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268 




OKSAUSAGGCCGAAAGGCCGAA 


ACUAGOJ 


271 


QGCAAAA 


CUCSAUGAQC^XSAAAaGOCGAA 


ACUACUA 


273 


CUGCCAA 


COGAUGAOGCCXSAAAGGCXXJAA 


AUACUAC 


274 


COXSCCA 


CUGAUGAGGCCGAAAGGCCGAA 


AAUACUA 


275 


UCOTGCC 


aX5AUGW3GCCX5AAAGGCXXiAA 


AAAUACU 


294 


CAGAACX: 


CUGAUGAOSCCGAAAGGCCGAA 


AGUUUUC 


298 


CAUUCAG 


CUGAOGAOCSCCGAAAOGCGGAA 


ACCAAGU 


299 


UCAUUCA 


OXSAIXSAGGCCGAAAGGCCGAA 


AACCAAG 


310 


CUAAGXIA 


OXIAIXSAGGCCGAAAGGCCGAA 


ACCUCAU 


312 


GCCUAAG 


aX3Aa3AOGCXX;AAAGGCXX^ 


AUACOX: 


315 


UUOOCXU 


CUGAUGAOGCXXSAAAOOCXXjAA 


AGUAUAC 


316 


COUUQCC 


CCXSAUGUUCSGCCGAAAOGGCGAA 


AAGUAIXA 


330 


AOJGOCA 


CimiX3AGGCCGAAAJSGCXX»A 


AUUUCUC 


331 


CACOGOC 


CUGAUSAOGCCGAAAGG(XGAA 


AAUUUCU 


340 




CUGAUSAOGCCXjAAAOQCCGAA 


ACACUGU 


341 


OUGGAAU 


CUGAIX3AGGCXX3AAAGGCCGAA 


AACACU3 


344 


UAOJUGG 


CUGAUGAOSCCGAAAGGCCGAA 


AUGAACA 


345 


AUACUUG 


CtXyVUGAGGCCGAAAGGCXXyuiL 


AAUGAAC 


351 


GCCCAUA 


CUGAUGAGGOX^AAAGGCCGAA 


ACUUGGA 


353 


CGGCCCA 


COGAUGAGGCCGAAAGGCCGAA 


AUACUUG 


368 


GAAOCAA 


CDGAUGAOGCCGAAAGGCCGAA 


ACUOGIX5 


369 


CGAAUCA 


CUGAUGAGGCCGAAAGGCCGAA 


AACUUGU 


370 


CCGAAUC 


OXykUGAGGCCCyjJWjGCCGA^ 


AAACUUG 


374 


CUGUCCG 


CUGAtXSA0GCX>3AAAGGCCGAA 


AUCAAAA 


375 


ACOGUCC 


CUCy^UGAGGCCGAAAOGCCGAA 


AAUCAAA 


383 


AGGGUCC 


aXSAlX;AC»CaiAAAGGCCGAA 


ACUGDCC 


397 


GAUUGU3 


CUGAtXSAGGCCGAAAGGCCGAA 


AGT' .jCA 


398 


AGAUUGU 


CUGAUGAOGCCGAAAOQCCGAA 


AAi. oox: 


404 


ACX:UGAA 


CUGAUGAOGCCGAAAGGCCGAA 


AUUGOGA 


406 


UGAUCU3 


CUGACX3AGGCCGAAAGGCCGAA 


AGAUUGU 


407 


UUGAUCU 


OTGAlXSAGGCCGAAAGGCCCyUV 


AAGAUUG 


412 


UGUCCUU 


OX^AtX^AGGCCGAAAGGCCGAA 


AUCUGAA 


426 


UOGAUAC 


CUGAUGAOGCCGAAAGGCXX^ 


AGCCCUU 


429 


ACAUOGA 


cuGAixyuxmyuuicxxx:x3AA 


ACAAGCC 


431 


AUACAUU 


CXJGAUCy\GCXXX3AAA<XjaX3AA 


AUACAAG 


437 


UOGAIJGA 


CIJGAUGAGC3CCGAAAGGCCGAA 


ACAUUGA 


439 


GAUGGAU 


COGAUGAOGCCGAAACGCCGAA 


AUACAUU 


442 


XXSOOkUG 


OXSAtlSAGGCCGAAAGGCCGAA 


AUGAUAC 


446 


UUUUUGU 


OXSAlXy^OGCCGAAAGGCCGAA 


AUGGAUG 


469 


GGAUGCXj 


CtXIAUGAOGCCGAAAGGCCGAA 


AUCAUUC 


470 


UGGAUGC 


CUGAtlGAGGCCGAAAGGCCGAA 


AAtXAUU 


475 


UCUGCSUC5 


CUGAIXU^OGCCGAAAGGCCGAA 


AUGCGAA 


488 


AGUUCAG 


a>GAUSAGGCCGAAAGGCCGAA 


AUUCALXr 


489 


CAGUUCA 


OXSAUGAQGCCGAAAGGCCGAA 


AAUUCAU 


498 


AAGCAOJ 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGUir 


505 


AGUUAGC 


OKSAUGJUOGCCGUUIACXXXGM 


AGCACUG 


509 


CUGAAGU 


ajGAtxac(mAAAGGccm 


AGCAACC 


513 


UUGAOXS 


OXSAUGAGGCCGAAAGGCCGAA 


AGUUAGC 


514 


GUUGACU 


CUGAUGAOGCCGAAAGGCCGAA 


AAGUUAG 



wo 96/18736 



193 



PCrAJS95/l55l6 



518 


UCAGGUU 


OXyvUGAGGCCGAAAGGCXXSAA 


ACUGAAG 


529 


UUGGUAC 


OXSAIX^AGGCCGAAAGGCXXSAA 


AUUUCAG 


532 


AAAUUGG 


CUGAUGAGGCCGAAAGGCCGAA 


ACUAUUU 


538 


UAUtlAGA 


CUGACX3A0GCCGAAAGGCXXAA 


AUUGGUA 


539 


AUAUUAG 


CUGAUGAJQGCXXSAAAGGCCGAA 


AAUUGGU 


540 


UAUAUUA 


CUGAUGAGGCCGAAAGGCCGAA 


AAAUUGG 


542 


GUUAUAU 


CUGAUGAGGCCGAAAGGCCGAA 


AGAAAUU 


545 


OCOGUUA 


CUGAUGAGGCCGAAAGGCCGAA 


AUUAGAA 


547 


UUUCOGU 


CUGAUGAGGCCGAAAGGCCGAA 


AUAUUAG 


561 


AUUUAUG 


CUGAUGAGGCCGAAAGGCCGAA 


ACACAUU 


565 


UCAAAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AUGUACA 


569 


CAGGUCA 


CUGAUGAGGCCGAAAGGCCGAA 


AUUUAUG 


570 


GCAGGUC 


CUGAUGAGGCCGAAAGGCCGAA 


AAUUUAU 


579 


UAUAGAU 


CUGAUGAGGCCGAAAGGCCGAA 


AGCAOGU 


582 


GUGUMJA 


CUGAUGAGGCCGAAAGGCCGAA 


AUGAGCA 


584 


CCGUGUA 


CUGAUGAGGCCGAAAGGCCGAA 


AGAUGAG 


586 


AACCGUG 


CUGAUGAGGCCGAAAGGCCGAA 


AUAGAUG 


593 


UCUGGGU 


CUGAUGAGGCCGAAAGGCCGAA 


ACCGUGU 


594 


UUOXSGG 


CUGAUGAGGCCGAAAGGCCGAA 


AACCGUG 


605 


Aucoua; 


CUGAUGAGGCCGAAAGGCCGAA 


AGGUUCU 


619 


UUAGCAA 


CUGAUGAGGCCGAAAGGCCGAA 


ACACUCA 


620 


CUUAGCA 


CUGAUGAGGCCGAAAGGCCGAA 


AACACUC 


621 


UCUUAGC 


CUGAUGAGGCCGAAAGGCCGAA 


AAACACU 


625 


UGGUUCU 


CUGAUGAGGCCGAAAGGCCGAA 


AGCAAAA 


638 


AUAGUUG 


CUGAUGAGGCCGAAAGGCCGAA 


AUUCUUG 


639 


GAUAGUU 


CUGAUGAGGCCGAAAGGCCGAA 


AAUUCUU 


644 


UACUCGA 


CUGAUGAGGCCGAAAGGCCGAA 


AGUUGAA 


646 


CAUACUC 


CUGAUGAGGCCGAAAGGCCGAA 


AUAGUUG 


651 


ACXTIUCA 


CUGAUGAGGCCGAAAGGCCGAA 


ACUCGAU 


659 


UGCAUAA 


CUGAUGAGGCCGAAAGGCCGAA 


ACCAUCA 


661 


UCUGCAU 


CUGAUGAGGCCGAAAGGCCGAA 


AUACCAU 


662 


UUCUGCA 


CUGAUGAGGCCGAAAGGCCGAA 


AAUACCA 


672 


AUCUUSA 


CUGAUGAGGCCGAAAGGCCGAA 


AUUUCUG 


674 


UUAUCUU 


CUGAUGAGGCCGAAAGGCCGAA 


AGAUUUC 


680 


GUGACAU 


CUGAUGAGGCCGAAAGGCCGAA 


AUCUIXSA 


685 


GUUCUGU 


CUGAUGAGGCCGAAAGGCCGAA 


ACAUUAU 


696 


AACGUCG 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGUUC 


703 


UGAUGGA 


CUGAUGAGGCCGAAAGGCCGAA 


ACGUCGU 


704 


CUGAUGG 


CUGAUGAGGCCGAAAGGCCGAA 


AACGUCG 


705 


GCUGAUG 


CUGAUGAGGCCGAAAGGCCGAA 


AAACGUC 


709 


ACAAGCXJ 


CUGAUGAGGCCGAAAGGCCGAA 


AUGGAAA 


714 


AACAGAC 


CUGAUGAGGCCGAAAGGCCGAA 


AGOXSAU 


717 


UGAAACA 


CUGAUGAGGCCGAAAGGCCGAA 


ACAAGCU 


721 


GGAAUGA 


CUGAUGAGGCCGAAAGGCCGAA 


ACAGACA 


722 


GGGAAtX? 


CUGAUGAGGCCGAAAGGCCGAA 


AACAGAC 


723 


AGGGAAU 


CUGAUGAGGCCGAAAGGCCGAA 


AAACAGA 


726 


AUCAGGG 


CUGAUGAGGCCGAAAGGCCGAA 


AUGAAAC 


727 


CAUCAGG 


CUGAUGAGGCCGAAAGGCCGAA 


AAUGAAA 


736 


UGCUCGU 


CUGAUGAGGCCGAAAGGCCGAA 


ACAUCAG 
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737 
746 
754 



802 
804 

806 
808 



WX3COCG aX5AOGAOCXX3GAAAGOCCGAA AACAUCA 
AW3G0CA CUGAUGAQGCCGAAAGC3CCGAA AUUGCUC 
UACAGAA CUGAUGAQCSCCOAAAGGCCGAA AUGGUCA 

756 AAUACAG OXSAOGAGGCCGAAAGQCCXSAA AGAWSGU 

757 GAAUACA COGAW3AQGCXGAAAGC3CCCSAA AAGAOGG 
761 UCCAGAA OXSAUGAGGCCGAAAGGCCGAA ACAGAAG 

763 UOUCCAG CUCytfX»GGC0caUU\GG(X(3AA AUACAGA 

764 CSUUtlCCA COGaOXaOGCaSAAAGGOCGAA AAUACAG 

787 AAOAOAA COGAtXaOQCCGAAAGGCCGAA AOCCGCG 

788 GAAGAUA aXSAUSAGGCCGAAAGGCCGAA AAGCCGC 

789 tJ3AAGAU a«AOaAG(KW3AAAGGCXX3AA AAAOCCG 

790 GW5AAGA CaaAOGASCSCCaAAAQGCCQAA AAAAGCC 
732 AGGUGAA OIQMICSAOGCOGAAAGGCCGAA AUAAAAG 

794 AAAOJUG OXSAIXSAGGCCGAAAGGCCGAA AGAUAAA 

795 GAAAGGU CUGATOAQGCOGAAAGGCX33AA AAGAUAA 

800 AUAGAGA OTGAUQAQGCCGAAAGGCXXSAA AOGOSAA 

801 UAUAGAG COGAUQAQGOCGAAAGGCCGAA AAGGUGA 
CUAUAGA CUGAOaAGGCCGAAAGGCCGAA AAAGGW3 
CUCUAUA CUGAUGAGG<XGAAAGGCCXyuv AGAAAGG 
AGCOCUA OIGAUCSAQGCCGAAAGGCCGAA AGAGAAA 
CAAGCUC CUGAUGAOGCCGAAAGGCCGAA AUAGAGA 

814 GGOCCUC CUGAU3AGGCCGAAAQGCCGAA AGCUOJA 

824 GGAGGCU CUQAOGAfiGCCGAAAOGCCX3AA AGOGUCC 

830 UCUGOQG OXSAUSAGGCCGAAAGGCCGAA AGGCOGA 

844 UCCAAGG CUGAUGAOGCCGAAAGGCCGAA AOGUGGU 

845 AUCCAAG CUGAUGAOGCCGAAAGGCCGAA AAUGOGG 
848 GUAAUCC CUGAUGAOGCCGAAAGGCCGAA AGGAAUG 

853 CAGCOSU aXSAtXSAGGOCGAAAOGCCGAA AUCCAAC 

854 ACAGOXS CUGAUGAOGCCGAAAGGCCGAA AAUCCAA 
862 UUGGAAG CUGAUGAOGCCGAAAGGCCGAA ACAGCUG 
865 CUGUUGG CUGAUGaOGCCGAAAGGCCGAA AGUACAG 

ACUGUUG CUGAaSAOGCCGAAAGGCCGAA AAGUACA 
AUAUAAU CUGAUGAGGCCGAAAGOCCGAA ACUGUUG 
875 CAUAUAA CUGAUGAOGCCGAAAGGCCGAA AACUGUU 

877 CACAUAU CUGAU3AGGCCGAAAGGCCGAA AUAACUG 

ACACAUA CUGAWSAGGCCGAAAGGCCGAA AAUAACU 
UCACACA CUGAUQAOGCCGAAAOOCCGAA AUAAUAA 
GACAGAA OXSAUCSAQGCaSAAAGGCCGAA ACCAUCA 

893 AGACAGA OXSAWSAOOCCGAAAGGCCGAA AACCADC 

894 UAGACAG CUSAUQAOtSCCGAAAGGCCGAA AAACCAU 
UUACACA CUSAUGAGGCCGAAAGGCCGAA AAAACCA 
AGAAUUA CUGAUGAOGCCGAAAGGCCGAA ACAGAAA 
AUAGAAU CUGAW3AGGCCGAAA0GCCGAA AGACAGA 
UCCAUAC CWGAW3AOGC0GAAAOGCCGAA AUUAGAC 
UWCCAUA CUGAUGAGGCOGAAAGGCCGAA AAUUAGA 
AWroCCA CUGAUGAGGCCGAAAOOCCGAA AGAAUUA 

335 GAGUUC3C CUGAWSAGGCXGAAAGCJCCGAA AGGCXX3C 

942 UOUAUAA CUGAUGAGGCCGAAAGGCCGAA AGUUGCG 

944 CAUUU:,U CUGAUGAGGCCGAAAGGCCGAA AGAGOUG 



865 

866 

874 

875 

877 

878 

880 

892 

893 

894 

89S 

899 

901 

904 

905 

907 

935 
942 
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945 ACAUUUA CUGAtXSAGGCCGAAAGGCCGAA AAGAGUU 

947 CCACAUU CUGAUGAGGCCGAAAGGCCC5AA AUAAGAG 

1009 GUAUAUS OXa^UGAGGCCGAAAGGCCGAA AUUUUUU 

1013 UCAGGUA CtlGAUGAGGCXXSAAAGGCCGAA AUGGAUU 

1015 UUUCAOG OXSAUGAQCXXXyU^AGGCXX^AA AUAtJGGA 

1026 UUCACX:a C:UGAlX5ACm:X3AAACX;CCGAA AUCUUUC 

1045 UUUUAAA OXSAUGAQGCCGAAAGGCCGAA ACACGCU 

1046 CUUUUAA CTOAlXSAGCSCOy^GGCCGAA AACACGC 

1047 ACOUUUA OXSAIXSAGGCCCyUU^GGCCGAA AAACACG 

1048 AACUUUU OXSAUCSAGGCCGAAAGGCCXSAA AAAACAC 

1049 GAACOUU CW3AtX3AGGCCGAAAGGCCGAA AAAAACA 

1055 GVCauCG CTOAlX^OCXXXyUUVGGCCGAA ACUUUUA 

1056 TCUCmx: CTOAIXSAGGCCGAAAGGCCGAA AACUUUU 
1065 GCAUSAA OXy^UGAQCXXXSAAAGGCCGAA AUGUCUU 

1067 UCGCAUG OJSACXMJXXXSAAAGGCCGAA AGAUGUC 

1068 GUCGCAU CTOAUGAOGCCGAAAGGCCGAA AAGAUGU 
1085 AAACAOS CUCy^UGACXXXGAAAGGCCGAA AUCACUU 

1091 AAUUAAA CUGAUGAGGCCGAAAGGCCGAA ACAUGUA 

1092 UAADUAA CUGAUCMGCXXSAAACSGCCGAA AACAUGU 

1093 UUAAUUA OXSAIXSAGGCCGAAAGGCCGAA AAACAUG 

1094 UUUAAUU CUGAUGAGGCCGAAAGGCCGAA AAAACAU 

1095 CUUUAAU CUGAUGAGGCCGAAAGGCCGAA AAAAACA 

1098 ACUCUUU CUGAUGAGGCCGAAAGGCCGAA AUUAAAA 

1099 UACUCUU CUGAUGAGGCCGAAAGGCCGAA AAUUAAA 
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Table BVm: Mouse 87^2 Hammerhead Ribozyme Target Sequences 



nt HHTaiiget Sequence 
Position 



47 
47 
66 
66 
74 
83 
134 
134 
134 
U4 
134 
135 
135 
135 
135 
137 
137 
137 
139 
140 
140 
149 
151 
151 
158 
158 
158 
158 
160 
160 
170 
171 
172 
189 
189 
189 
190 
190 
192 
192 
193 
193 
194 



AcQGAOJ u GaACAac 
aCggACU u gaAcAAC 
CUccUgU a gAcGUgU 
CUCcUgU A gAcGUGu 
gAcGUSU u CcagAAc 
CaGeACU U aCggaAG 
caAuCcU U aUCUUOG 
CaauccU U AUCOUug 
caAUCcU u AuCUOUg 
CAaUccU U AUcUuUG 
CAAucOJ U AUcuuUG 
aAuCcUU a UCUUUOT 
aAuCcUU a UCUuUgu 
AaUccUU A UcUuUGU 
aAUccUU a UCOuUgU 
uCcUUaU C UOUGUGA 
UccUUAU c UaUGUGA 
UCCuUAU c uuUGugA 
cUUaUCU V UGUGAca 
UUaUCUU U GUGAcaG 
UUaUcuU U guGACAG 
UGAcaGU c UUGCUgA 
AcAGucU U GCUgaOC 
AcaGuCU U gCUGaUC 
UgCuGAU c UcAGaUg 
UgCUGaU C UCaGaUG 
UGcUgAU c uCAgaUg 
UgCugAU c UCagAUg 
CUGaUCU C aGaUGCU 
cUCSaUcU c AgAuGcU 
AUGcuGU u UcCgU^ 
UGOJSuU u CcgUGgA 
gCUgUuU C cgUgGAG 
GcaaGcU u AUUUCaA 
SrCAAGCU U AUUUCAA 
GCaaGCU u AuUUCAa 
CAAGCUU A UUUCAAU 

CaAgcUU a uUUcaAU 
AGCOUAU U UCAAUGg 
aGCUUaU u UCAAUGg 
GCUUAUU U CAAUGgG 
GcuUAuU U CaAUGGg 
CUUAUUU C AAUGgGA 



nt 
Position 

194 
208 
210 
223 

223 

224 

225 

225 

242 

260 

260 

263 

263 

265 

265 

266 

266 

266 

267 

267 

286 

286 
290 

291 

295 

304 

307 

323 

343 

343 

361 

381 

383 

383 

389 

389 

390 

390 
398 
398 
398 
399 
399 



HH Target Sequence 



cuUAuUU C 
acUGCaU a 
UGCaUaU C 
UGCCcAU U 
UGCcCAU u 
GCCcAUU U 
CCCAUUU a 
CccaUUU a 
AAaACAU a 
AGCUgGU A 
aGCuGgU a 
UgGUAGU A 
UGgUaGU a 
GUAGUAU U 
gxiAGUAU u 
UAGUAUU U 
uAGUaUU U 
UAgUauU u 
AGUAUUU U 
AGUaUUU U 
cAAAAgU U 
CAAaagU U 
AgUUGGTJ U 
gUUGGUU C 
GUUCugU a 
GAGcacU A 
cacUAUU u 
AGAAAcU U 
gCCAAGU A 
gCCAagU a 
ACgAGcU U 
cUGgACU c 
GgACUcU A 
GGACuCU a 
uAcGac'J u 
UacGACJ U 
acGACUU C 
ACgAcUU c 

ACAaUGC: U 
ACAAUgU U 
ACaAuG:; 'J 
CAaUGU;: c 
CAAUgirc C 



aAUGGgA 
UCUGCcG 
UGCcGug 
UaCAAAg 
UAcAaAg 
aCAAAgg 
CA^LAggc 
cAAAgGc 
agCcUGa 
GUAUUUU 
gUAUuUU 
UUUUGGC 
UUuUGgC 
UUGGCAG 
UuGGCaG 
UGGCAGG 
tJGgcAgG 
UGGcAgg 
GGCAGGA 
GgcAgGA 
GGUUCUG 
GgUUCuG 
CUGuAcG 
UGuAcGA 
CgAGcAc 
uUUgGGC 
GGgCACA 
GAuAGUG 
ccUGGGC 
CCUgGGc 
UGAcagG 
UacGACU 
CGACuUc 
cGaCUuC 
CaCAaUG 
CACAAUg 
ACAAUgU 
acAAUgU 

CAgauCA 
CAGAUCA 
cagAUCA 
AgauCAA 
AGAUCAA 



197 



PCT/US9S/15S16 



399 

399 

399 

399 

399 

404 

404 

418 

418 

418 

421 

421 

429 

429 

431 

431 

432 

432 

432 

461 

462 

464 

467 

467 

467 

467 

490 

497 

505 

506 

506 

521 

531 

539 

550 

550 

557 

561 

562 

576 

585 

597 

607 

611 

625 

630 

630 

637 

656 



CaAuGUU c agAUCAa 
caADQUU c aGAuCAA 
CAaUguU c aGAUcAa 
cAAuGuU C aGAUcAA 
CAaugUU c agAUcAA 
UUCAGAU C AAGGACA 
UucAGaU c aAGGACa 
aUGgGCU c GUAugAU 
AuGQGCU c GUAUgAu 
AUggGCU c GUaUGaQ 
gGCUCyU a UGAuugU 
ggCUCgU a UgAuUGU 
UgAuUGU u UuAUaCA 
tXSAUuGU u UUAUaCA 
AuUgUuU u AUAcAAa 
AUuGUuU U AUaCAaA 
UuGOuUU A UaCAaAA 
UuGUUUU a UacaaAA 
UUGUUUU a uAcaAAA 
gAUcaAU u AUCCucC 
AucaAUU a uCcUCCA 
CAauUaU c CUcCaAc 
uUAUCcU C CAaCAgA 
UUauCcU C CAaCAGA 
UUaUccU c cAACAGA 
UuAuCCU C CaaCAGA 
GAACUGU C AGUGaUc 
CAGUGaU c GCcAACU 
GCcAACa U CAOTgAA 
CcAACUU C AGUgAAC 
CCAaCUU C aGUgaaC 
CUGAAAU A aaACugg 
AOXSgcU c AgAaUgU 
agaaUGU A ACAGGaA 
GgAaAuU c uGGCAuA 
ggAAaUU C UggcAUA 
cuggCAU A AAUUU3A 
CAUAAAU U UGACCUG 
AUAAAUU U GACCUGC 
CaCgUCU A agCAaGG 
gCAaGGU c ACCCgaA 
gaAACCU A AGAAGAU 
AaGaUgU a uOuUCUg 



UGUaUUU u 
AcuAAUU C 
UUCAACU A 
UUcAAcU A 
AauGAGU A 
uGCAgaU a 



cUgAuAa 
AACUAau 
auGAGUA 
AuGAGUA 
UGgUGaU 
UcAcAAg 



658 

658 

658 

658 

666 

666 

671 

671 

671 

682 

683 

683 

691 

691 

691 

701 

701 

703 

703 

707 

707 

708 

709 

709 

709 

712 

712 

712 

712 

712 

713 

713 

732 

732 

740 

749 

749 

750 

750 

773 

778 

788 

798 

805 

805 

806 

811 

811 

813 



CAGAUAU c AcaagAu 
CAgauAU C ACAAgAu 
CAGAuAU C aCAAGAU 
CaGAUaU c ACaAGau 
aCAAGAU A AUGUCAC 
ACAagaU a AUGucAC 
AOaAuGU C ACAGaAc 
aUAAUgU c ACAGAAc 
AUAAIX;U C ACAGAAC 
gAACUgU u cAGUAUc 
aAcUGuU c aGuAUCu 
AAcUGuU c agUaUcU 
aguaUcU C CAaCAGC 
agUAUCU c CAaCagc 
aGUAucU C CAACAGc 
aCaGCcU c UcUCUUu 
acagCCU c UCUCUuU 
AGCcUcU C UcUUtJCA 
aGCcUcU c UCUUuca 

ucijcucu u tx::Auucc 

UclXUcU u UcAUUCc 
cUCUcUU U CAUUCCC 
UCUcUUU C AUUCCCg 
UCUCUuU c auuCccG 
UCUcUuU c AUUCccg 
CUUUcaU U CcCgGaU 
cuuUCAU U cCCgGAU 
CuUucAU u CcCGGaU 
cUUUCAU U CCCgGAU 
CUUUcAU u ccCggaU 
uuUCAUU c CCgGAUg 
UUUCAUU C CCgGAUG 
GuGgcAU a UGACcGU 
GuGgcAU A tJSACCgU 
UGACCgO u gUgUGUg 
UgTOUgU U CUGGAAA 
uGuGlXXr U cUggAAA 
gUGUgUU C UGGAAAC 
GuGUSOU c UggAAAc 
ugAAGaU U UcCUcCa 
aUUUcCU c caAACCu 
AAcOXU C AAuuuCA 
UUUCaCJ c aAGAGuU 
CAagAGU u UccAUcu 
CAAgAGU U uccAUcU 

AAgAGUU u ccAUcUc 

UUIXXAU C ucCUcaa 
uUUCcaU c UcCUcaA 
uCCAtCU c CUcaAac 
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636 


a<3gAGAi; U acAiGCUU 


836 


aggaGAU U ACAGCUu 


837 


GgAGAUU a cAGCUUc 


848 


CUUCAGU u AcugUGg 


860 


UGGCCcU C CUcOAig 


860 


UggCCcU c CUCcuUg 


878 


ugCUGCU C AUCauUg 


951 


CXX9GgaU a GuAACgC 


974 


AgaCuAU c aACCUQA 


989 


aGgaAcU U GaACOCc 


1006 


auUgCOU c aGCAAAa 


1055. 


AAAoAGCJ u aaAAaUU 


1056 


AaGAgUU a aaAAuUG 


1062 


uAAAAAU u gcUuUgC 


1092 


CAaaGUU u CuCAGAA 


1095 


aGUUUcU c AaAaUUC 


1101 


UCAgAAU u caaAaAU 


1101 


ucAGAAU U CAAaaAtI 


1101 


UcAgAaU U CaAAaAu 


1111 


aAaAUGU U cUcAoeri 


1112 


AaAUGUU c UdAgcUg 


1128 


UUgGAaU u cuACAGU 


1128 


UUGGAaU u CuaCaGU 


1131 


GAAuUCU a cAGuUgA 


1131 


GAauUCU a CAguuGA 


1141 


GuCXIAAU a aUuAAag 


1144 


gaaUAAU U AAAGAac 


1145 


AAuAaUU a aAgaACA 
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Table BDC: Mouse B7-2 Hammerliead Bibozyme Sequences 



nt HHBibozyme Sequences 
Position 

47 GUIX^UUC OXyUXSAOGCCGAAAGGCCGAA AGUCCGU 

47 GUOSUOC CUGAUC^OGCCXSAAAGGCCGAA AGUCCGU 

66 ACACGUC CUGAOGAGGCCGAAAGGCCGAA ACAGGAG 

66 ACACGUC CUGAOGAGGCCGAAAGGCCQAA ACAGGAG 

74 GUUCW3G CUGACX3AQQCCGAAAGGCQGAA ACACGUC 

83 CUUCCGU CUGAUGAGGCCGAAAGGCCGAA AGUUCUG 

134 CAAAGAU CUGAU3AGGCCGAAAGGCCGAA AGGAUUG 

134 CAAAGAU CUGAIX3AGGCCGAAA0GCCGAA AGGAOOG 

134 CAAAGAU CU3AUQAGGCCGAAAGGCCGAA AGGAUUG 

134 CAAAGAU OXSAOGAGGCCGAAAGGCCGAA AGGAUUG 

134 CAAAGAU CUGAUGAGGCCGAAAGGCCGAA AGGAUUG 

135 ACAAAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAUU 
U5 ACAAAGA CUSAUGAGGCCGAAAOGCCGAA AAGGAUU 
135 ACAAAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAUU 
135 ACAAAGA CUGAUGAGGCCGAAAGGCCGAA AAGGAUU 
137 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUAACGA 
137 UCACAAA CUGAUGAGGCCGAAAGGCCGAA AUAAGGA 
137 UCACAAA CUGAtXSAGGCCGAAAGGCCGAA AUAAGGA 

139 UGUCACA CUGAUGAGGCCGAAAGGCCGAA AGAUAAG 

140 CWUCAC CUGAUGAGGCCGAAAGGCCGAA AAGAUAA 
140 OX^UCAC CUGAUGAGGCCGAAAGGCCGAA AAGAUAA 

149 UCAGCAA CUGAUGAGGCCGAAAGGCCGAA ACUGDCA 
151 GAUCAGC CUSAUGAGGCCGAAAGGCCGAA AGACUGU 
151 GAUCAGC CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA AUCAGCA 
158 CAUCUGA CUGAUGAGGCCGAAAGGCCGAA kUCAGCk 
158 CAUCUGA CUGAIXSAGGCCGAAAGGCCGAA AUCAGCA 
160 AGCAUCU CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 
160 AGCAUCU CUGAUGAGGCCGAAAGGCCGAA AGAUCAG 

170 CCACGGA CUGAUGAGGCCGAAAGGCCGAA ACAGCAU 

171 UCCACGG CUGAOGAGGCCGAAAOGCCGAA AACAGCA 

172 CUCCACG CUGAUGAGGCCGAAAGGCCGAA AAACAGC 
189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 
189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUU3C 

189 UUGAAAU CUGAUGAGGCCGAAAGGCCGAA AGCUUGC 

150 AUCX^AAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUG 

190 AUUGAAA CUGAUGAGGCCGAAAGGCCGAA AAGCUUG 
192 CCAUUGA CUGAUGAGGCCGAAAGGCCGAA AUAAGCU 

192 CCAUUGA CUGAUGAGGCCGAAAGGCCGAA AUAAGOJ 

193 CCCAUUG CUGAUGAGGCCGAAAGGCCGAA AAUAAGC 

193 CCCAUUG CUGAUGAGGCCGAAAGGCCGAA AAUAAGC 

194 UCCCAUU CUGAUGAGGCCGAAAGGCCGAA AAAOAAG 
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1S4 UCCCAUU CW3AUGAGGCCGAAAGGCCGAA AAAUAAC 

208 CGGCAC3A CUGAtKSAGGCCGAAAGGCCCSAA AUGCAGU 

210 CACGGCA C0GAUGAGGCCX3AAAGGCCGAA AUAUGCA 

223 CUUUGUA CUGAUGAOGCCGAAAGGCCGAA AUGGGCA 

223 CUUUGUA CUCyiUGAGGCCXSAAAGGCCGAA AUGGOCA 

224 CCUUUOT OJGAUGAGGCXXSAAAOGCCGAA AAOSGGC 

225 GCCUUUG CUGAtXSIAOGCCGAAAGGCCGAA AAAUOGG 
225 GCOJUUG CUC5AIX3AOGCCGAAAGGCCX3AA AAAUGOG 
242 UCAOOOJ CUGAUGAOGCCGAAAGGCXGAA AUGUUOU 
260 AAAAUAC OXSAWSAGGCCGAAAGGCCGAA ACCAISaJ 

260 aaaauac cixsaugaggccgaaaoc3ccgaa accagcu 

263 gcx:aaaa cogaugaggccgaaaggccgaa acuacca 

263 GCX:aAAA OXSAIXiAGGCCGAAAGGCXGAA ACUACCA 

265 CTOCCAA OXSAOCSAQQCCGAAAGGCCGAA AtlACOAC 

265 COSCCAA COGATXSAGGCCGAAAGGCCGAA AUACUAC 

266 CCUGCCA OJGAUGAOGCCGAAACSGCCGAA AAtlACUA 
266 CCUGCCA OXy^UGAGGCCGAAAGGCCGAA AAUAOIA 

266 CCUGCCA CUGAUGAOGCCGAAAGGCCGAA AAUACUA 

267 UCCUOCC CUGAUGAOGCCGAAAGGCCGAA AAAUACU 
267 UCCUGCC CUGAUGAGGCCGAAAGGCCGAA AAAUACU 
286 CAGAACC CUGAUGAGGCCGAAAGGCCGAA ACUUUUG 
286 CAGAACC CUGAUGAOGCCGAAAGGCCGAA ACUUUUG 

290 CGUACAG CUGAUGAGGCCGAAAGGCCGAA ACCAACU 

291 UCGUACA CUGAUGAGGCCGAAAGGCCGAA AACCAAC 
295 GUGCUCG CUGAUGAOGCCGAAAGGCCGAA ACAGAAC 
304 GCCCAAA CU3AUGAGGCCGAAAGGCCGAA AGUGCUC 
307 UGUGCCC CTCAUGAGGCCGAAAGGCCGAA AAUAGUG 
323 CACUAUC CUGAUGAGGCCGAAAGGCCGAA AGUUUCU 
343 GCCCAGG CUGAUGAGGCCGAAAGGCCGAA ACUUGGC 
343 GCCCAGG CUGAUGAOGCCGAAAGGCCGAA ACUUGGC 
361 CCUGUCA CUGAUGAGGCCGAAAGGCCGAA AGCUCGU 
381 AGUCGUA CUGAUGAGGCCGAAAGGCCGAA AGUCCAG 
383 GAAGUCG CUGAUGATaGCCGAAAGGCCGAA AGAGUCC 
383 GAAGUCG CUGAUGAGGCCGAAAGGCCGAA AGAGUCC 
389 CAUUGUG CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 

389 CAUUGU5 CUGAUGAGGCCGAAAGGCCGAA AGUCGUA 

390 ACAUUGU CUGAUGAGGCCGAAAGGCCGAA AAGUCGU 
390 ACAUUGU CUGAUGAOGCCGAAAQOCCGAA AAG U CGU 
398 UGAUCUG CUGAUGAOGCCGAAAGGCCGAA ACAUUGU 
398 UGAUCUG CUGAUGAGGCCGAAAGGCCGAA ACAUUGU 

398 UGAUCUG CUGAUGAOGCCGAAAGGCCGAA ACAUUGU 

399 UUGAUCU CUGAUGAOGCCGAAAGGCCGAA AACAUUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAOGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 
399 UUGAUCU CUGAUGAGCXTGAAAGGCCGAA AACADUG 

399 UUGAUCU CUGAUGAGGCCGAAAGGCCGAA AACADUG 

404 UGUCCUU CUGAUGAGGCCGAAAGGCCGAA AUCUGAA 
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404 UGUCCOU CUGAUGAGCXXGAAAGGCCCyuV AUCUQAA 

418 AUCAUAC OXiAUGAOGCCXAAAGGCCGAA AGCCCAU 

418 AUCAOAC CUGAUCSAOGCXXyUU^GCXX^ AGCCCAU 

418 AUCAUAC CUGAUGAGGCCGAAAGGCCGAA AGCCCAU 

421 ACAAUCA CUGAUGAGC5CCGAAAGGCCGAA ACGAGCC 

421 ACAAUCA CUGAOGAOGCCGAAAGGCOGAA ACGAGCC 

429 UGUAUAA CUGAUGAGGCCGAAAGGCCGAA ACAAUCA 

429 UGUAUAA COQAUSAGGCCGAAAGGCCGAA ACAAUCA 

431 UUUGUAU CUGAUGAGGCCGAAAGGCCGAA AAACAAU 

431 UUUGUAU CUGAIX3AGGCCGAAAGGCCGAA AAACAAU 

432 UUUUGUA CUGAUGAGGCCGAAAGGCCGAA AAAACAA 
432 UUUW3UA CUGAUGAGGCCGAAAGGCCGAA AAAACAA 
432 UUUUGUA CUGAUGAGGCCGAAAGGCCGAA AAAACAA 

461 GGAGGAU OXSAUGAQGCCGAAAGOCCGAA AUUGAUC 

462 OSGAGGA CUSAUSAGGCCGAAAGGCCGAA AAUUGAU 
464 GUUGGAG CUGAUGAGGCCGAAAGGCCGAA AUAAUUG 
467 UCUGUUG CUGAUGAGGCCGAAAGGCCGAA AGGAUAA 
467 UCUGUUG CUGAUGAGGCCGAAAGGCCGAA AGGAUAA 
^^■^ UCUGUUG CU3AUSAGGCCGAAAGGCOGAA AGGAUAA 
467 UCUGUUG CUGAUGAGGCCGAAAGGCCGAA AGGAUAA 
490 GAUCACU CUGAUGAGGCCGAAAGGCCGAA ACAGUUC 
497 AGUUGGC CUGAUGAGGCCGAAAGGCCGAA AUCACUG 

505 UUCACUG CUGAUGAGGCCGAAAGGCCGAA AGUUGGC 

506 GUUGACU CUGAUGAGGCCGAAAGGCCGAA AAGUUGG 
506 GUUCACU CUGAUGAGGCCGAAAGGCCGAA AAGUUGG 
521 CCAGUUU CUGAUGAGGCCGAAAGGCCGAA AUUUCAG 
531 ACAUUCU CUGAUGAGGCCGAAAGGCCGAA AGCCAGU 
539 UUCCUGU CUGAUGAGGCCGAAAGGCCGAA ACAUUCU 
550 UAUGCCA CUGAUGAGGCJCGAAAGGCCGAA AAUUUCC 
550 UAUGCCA CUGAUGAGGCCGAAAGGCCGAA AAUUUCC 
557 UCAAAUU CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 

561 CAGGUCA CUGAUGAGGCCGAAAGGCCGAA AUUUAUG 

562 GCAGGUC CUGAUGAGGCCGAAAGGCCGAA AAUUUAU 
576 CCUUGCU CUGAUGAGGCCGAAAGGCCGAA AGACGUG 
585 UUCGGGU CUGAUGAGGCCGAAAGGCCGAA ACCUUGC 
597 AUCUUCU CUGAUGAGGCCGAAAGGCCGAA AGGUUUC 
607 CAGAAAA CUGAUGAGGCCGAAAGGCCGAA ACAUCUU 
611 UUAUCAG CUGAIX3AGGCCGAAAGGCCGAA AAAUACA 
625 AUUAGUU CUGAUGAGGCCGAAAGGCCGAA AAUOAGU 
630 UACUCAU CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
630 UACUCAU CUGAUGAGGCCGAAAGGCCGAA AGUUGAA 
637 AUCACCA CUGAOGAGGCCGAAAGGCCGAA ACUCAUU 
656 CUUGUGA CUGAUGAGGCCGAAAGGCCGAA AUCUGCA 
^58 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 

AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 

658 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUCUG 

€58 AUCUUGU CUGAUGAGGCCGAAAGGCCGAA AUAUOJG 

666 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 

666 GUGACAU CUGAUGAGGCCGAAAGGCCGAA AUCUUGU 
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671 




CUGAUGAGGCCGAAAGGCCGAA 




671 




rtlSAUGAGGCCGiAAAGGCXXiAA 




671 


GTltlPTlGfT 






682 




("^UGAtXSAGfVVTZAAAGGCCGAA 




683 






AAOAraTll 


6fi2 






AAfArzriTT 


691 














ACATTAm 








AnArTAm 






rr YlATira AnrWYS A A Af3f2fYYlA A 


Artr2^V31 




AAAuAuA 




AryyTygf 
AG^fCJUviU 










/UJ 


.UUAAAmA 




AmAuGCU 


•7AT 






AGAuACjA 


/O/ 






AGAGAGA 


















/ v3 














AAAf^Ar^A 






rr ft^T VZ AryWY^AJLAtWWiAA 


ATVXAA Af^ 


712 








712 






ATIT^AA Art 


712 








712 


AOOCGGG 




AnGAAAC 


713 








713 








732 






AUGCCAC 










740 


CACACAC 






749 






















AAoai^Ar* 


/ j\j 








77"^ 
/ /J 








/ /o 




CUGAuGAGGCCCiAAAGGCCGAA 


AGGAAAU 


788 


UGAAAUU 


CUGAUGAGGCCGAAAGGCCGAA 


AGAGGCU 


798 


AACUCUU 


CUGAUGAGGCOGAAAOGCCGAA 


AGUGAAA 


805 


AGAXK3GA 


CUGAtX]AGGCCGAAAGGCCGAA 


ACUCUUG 






T2 AT V2 AryWY^ A A AlT(WY2 A A 












81 1 






Atn^A AA 


811 


mXSAGGA 


CUGAtX3A0GCCGAAA0GCCGAA 


AUGGAAA 


813 


GUUtJGAG 


CUGAUGAGGCCGAAAOGCCGAA 


AGAUOGA 


836 


AAGCUGU 


CUGAUGAGGCCGAAAGGCCGAA 


AUOXXU 


836 


AAGCUGU 


CUGAUGAGGCCGAAAGGCCGAA 


AUCUCCU 


837 


GAAGO^ 


CUGAUGAGGCCGAAAGGCCGAA 


AAUCUCC 


848 


CCACAGU 


CIKAUGAGGCCQAAAGGCCX5AA 


AOJGAAG 


860 


CAAGGAG 


CUGAUGAGGCCGAAAGGCCGAA 


AGGGCCA 


860 


CAAGGAG 


CUGAUGAGGCCGAAAOGCCGAA 


AGGGCCA 
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878 CAAUCSAU COGaUXaAGGCCGAAAGQCCGAA AGCAGCA 

9S1 GOSDUAC CUGAUGAOGCCXSJUU^GGCCXSAA AUCCXX3C 

9*7^ UCAOGUU OXSAlXSAOXXXyUUiGGCCGAA AUAOXXJ 

989 GGC5GUUC OXSAUGAOGCCGAAAGGCCGAA AGUUCCU 

1006 UUUacSOJ CUGAtXJAQGCXXSAAAGGCCGAA AAGCAAU 

1055 AAUUUUa CUGAUGAGGCXX3AAAGGCCGAA ACUCUUU 

1056 CAAUUua CUGAUGAGGCCGAAAGGCCGAA AACUCUU 
1062 GCAAAGC aX3AIX5AGCXXGWUW3QCCGAA AUUUUUA 
1092 UUTCAG aX3AlX3AGGCX:GAAAGG<XGAA AACUCUG 
1095 GAAUUCU OXSAUGAOGCCGAAAGGCCGAA AGAAACO 
1101 AUUUUro CUGAUGAGGCCGAAAGGCCGAA AUUCUGA 
1101 AUUUUUS CUGAUGAOGCCGAAAGGCCGAA AUUCUGA 
1101 AUUUUUG CWSAOGAGOCOGAAAGGCCGAA AUUCUGA 

1111 AGCUGAG CUGAUGAGGCCGAAAGGCCGAA ACAUUUU 

1112 CAGOXSA CUGAUGAGGCCGAAAGGCCGAA AACAUUU 
1128 ACUGUAG CUGAUGAGGCCGAAAGGCCGAA AUUCCAA 
1128 ACUGUAG CUGAUGAGGCCGAAAGGCCGAA AUUCCAA 
1131 UCAACUG CUGAU3AGGCCGAAAGGCCGAA AGAAUUC 
1131 UCAACU3 CUGAUGAGGCCGAAAGGCCGAA AGAAUUC 
1141 CUUUAAU CUGAUGAGGCCGAAAGGCCGAA AUUCAAC 

1144 GUUCUUU CUGAUGAGGCCGAAAGGCCGAA AUUAUUC 

1145 UGUUCUU CUGAUGAGGCCGAAAGGCCGAA AAUUAUU 
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Table BX: Human CD40 Hammerhead Ribozyme Target Sequences 



nt 
Pbsition 

9 

24 

37 

39 

44 

53 

54 

57 

63 

74 

77 

88 
101 
105 
139 
143 
146 
153 
162 
163 
165 
166 
208 
209 
227 
228 
231 
247 
248 
251 
292 
308 
314 
315 
320 
337 
353 
381 
407 
418 
424 
433 
434 



HH Target Sequence 



CCUCGCU C GGGCGCC 
CAGOGGU C CUGCOSC 
GCXtlGGU C UCACOIC 

axxvcij c AccacGc 

CUCACCU C GCXrAUGG 
CXZAUGGU U CGUCOGC 
CAOSGUU C GUCOQCC 
OC300CGU C UGCCOCU 
UCUGCCU C UGCAOXS 
AGUGCGU C CUCUGGG 
GCGUCCU C OSGGGCU 
GGCUGCU U GCUGACC 
CCGCUGU C CAUCCAG 
UGUCCAU C CAGAACC 
AAACAGU A CCUAAUA 
AGUACXi; A AUAAACA 
ACCUAAU A AACAGUC 
AAACAGU C AGUGCOG 
GUGCUGU U CUUUGUG 
UGCUGUU C UUUGtXX: 
CUGUUCU U UGUGCCA 
UGUUCUU U GtXSCCAG 
ACAGAGU U CACUGAA 
CAGAGUU C ACUGAAA 
AAUGCCU U CCUUGCG 
AUGCCUU C CUUGCGG 
CCUUCCU U GCGGUGA 
AGCGAAU U CCUAGAC 
GCGAAUU C CUAGACA 
AAUCXXU A GACACXirU 
CACAAAU A CUGCGAC 
CCAACCX7 A GGGCUUC 
UAGGGCU U CGGGUCC 
AGGGCUU C GGGIKXA 
UtXXSGGU C 
GGCACCU C 



ACACCAU 
GCACUGU 
GCUGUGU 
CACCGCU 
UCAUGCU 
CCCGGCU 



CAGCAGA 
AGAAACA 
IX3CACCU 

CGAGUGA 

CUGCACC 
AUGCUCG 
GCCCGGC 
UGGGGUC 



CCGGCUU U GGGGUCA 



nt 
Position 

440 

449 

453 

461 

462 

463 

468 

473 

491 

496 

497 

499 

500 

502 

511 

514 

519 

520 

521 

531 

537 

566 

599 

602 

609 

618 
641 
647 
650 
652 
653 
659 
664 
665 
671 
674 
676 

686 

688 
689 
690 

692 
720 



HH Target Sequ( 



UUGGGGU C 
AGCAGAU U 
GAUUGCU A 
CAGGGGU U 
AGGGGUU U 
GGGGUUU C 
UUCUGAU A 
AUACCAU C 
GCCCAGU C 
GOCGGCU U 
UCGGCUU C 
GGCUUCU U 
GCUUCUU C 
UUCUUCU C 
AAUGUGU C 
GUGUCAU C 
AUCUGCU U 

uaxxruu u 

CUGCUUU C 
AAAAUGU C 
UCACCCU U 
ACCUGGU U 
CUGAUGU U 
AUGUUGU C 
CUGUGGU 
CCAGOAU 
UGGUGAU 
UCCCCAU 
CCAUCAU 
AUCAUCU U 
UCAUCUU C 
UCGGGAU C 
AUCCUGU U 
UCCUGCJU U 
UUGCCAU C 
CCAUCCU C 
AUCCUCU U 

UGCUOGU C 

CUGGUCXr u 
UGGUCUU U 
GGUCUUU A 
UCUUUAU C 
AACCA.^i; A 



ence 



AAGCAGA 
GCUACAG 
CAGGGGU 
UCUGAUA 
CUGAUAC 
UGAUACC 

ccAuctx; 

UGCGAGC 
GGCUUCXI 

cuucucc 

UUCUCCA 
CUCCAAU 
UCCAAUG 
CAAUGUG 
AUCUGCU 
tKSCUUUC 
UCGAAAA 
CGAAAAA 
GAAAAAU 
ACCCUUG 
GGACAAG 
GUGCWVC 
GUCUGUG 
UGUGGUC 
CCCAGGA 
GGCUGAG 
CCCAUCA 
AUCUUCG 
UUCGGGA 
CGGGAUC 
GGGAUCC 
CUGUUUG 
UGCCAUC 
GCCAUCC 
CUCUUGG 
UUGGUGC 
GGUGCUG 

UUUAUCA 
UAUCAAA 
AUCAAAA 
UCAAAAA 

AAAAAGG 
AGGCCCC 
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755 


AGGAGAU C AAUUUUC 


759 


GAUCAAU U UUCCCGA 


760 


AUCAAUU U UCCCGAC 


761 


UCAAUUU U CCCGACG 


762 


CAAUUUU C CCGACGA 


771 


CGACGAU C VUCCUOG 


773 


ACGAUCU U CCUOGCU 


774 


CGAUCUU C CUGGCUC 


781 


CCUOGCU C CAACACU 


795 


USCIIQCU C CAGUGCA 


810 


GGAGACU a UACAUGG 


811 


GAGACUU U ACAUGGA 


812 


AGACUUU A CAIX3GAU 


830 


AACCGGU C ACCCAGG 


855 


AGAGAGU C GCAUCOC 


860 


GUCGCACJ C UCAGUGC 


862 


CGCAUCU C AGUGCAG 


927 


AGGCAGU U GGCCAGA 


981 


GGGAGOJ A UGCCCAG 


990 


GCCCAGU C AGUGCCA 
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Table BXL Human CD40 Hammexixead Bibozyme Sequences 



nt HHRiboqone Sequences 
Position 

9 GGCX3CCC OXSAUGAGGCCGAAAGGCCGAA AGCGAGG 

24 GCGGCAG CUGAUGAGGCCGAAAOGCCGAA ACCACUG 

37 GAGGUGA OXSAIX^OGCCC^AAGGCCGAA ACCAGGC 

39 GCGAGGU OXSAUOAGGCayUUVOGCXXSAA AGACCAG 

44 CCAUGGC CUGAXXSAGGCCGAAAGGCCGAA AGGUGAG 

53 GCAGACX3 OXSAUGAGGCCGAAAGGCCGAA ACCAUGG 

54 GGCAGAC aX3AUGAOGCCGAAAOGCXX3AA AACCAUS 
57 AGAGGCA CUGAIX3AQGCCGAAAGGCCGAA KOGPACC 
63 CACtXX^. CtJGAOSAGGCCGAAAGGCCXSAA AGGCAGA 
74 CCCAGAG OXMXSAQGCCGAAAGGCCXSAA ACGCACU 
77 AGCXXXJV CXK3AUSAGGaX3WUyOQCCX3AA AGGACGC 
88 GGOa>^ CXXyVUGAGGCCGAAAOGCCGAA AGCAGCC 
101 CUGGAUG OXSAUGAGGCCGAAAGGCCGAA ACAGCX3G 
105 GGUUCUG CUGAUGAGGCXXaVAAGQCCGAA AtXSGACA 
139 UAUUAGG CUGAUSAGGCXX^AAAGGCCGAA ACUGUUU 
143 UGUUUAU OKSAUGAGGCCGAAAGGCCGAA AGGOACU 
146 GACUGUU CUGAUGAGGCCGAAAGGCCGAA AUUAGGU 
153 CAGCACU OJGAIXSAGGCCGAAAGGCXGAA ACXJGUUU 

162 CACAAAG CUGAUGAGGCXGAAAGGCCXSAA ACAGCAC 

163 GCACAAA CUGAUGAOGCCGAAAGGCCGAA AACAGCA 

165 UGGCACA CUGAUGAGGCCGAAAGGCCGAA AGAACAG 

166 CUGGCAC CUGAUGAGGCCGAAAGGCCGAA AAGAACA 

208 UUCAGCX; CUGAUGAGGCCGAAAGGCCGAA ACUCUGU 

209 UUUCAGU CUGAUGAGGCCGAAAGGCCGAA AACUOJG 

227 CGCAAGG CUGAUGAGGCCGAAAGGCCGAA AGGCAUU 

228 CCGCAAG CUGAUGAGGCCGAAAGGCCGAA AAGGCAU 
231 UCACCGC CUGAUSAGGCCGAAAGGCCGAA AGGAAGG 

247 GUOJAGG CUGAUGAGGCCGAAAGGCCGAA AUUCGCU 

248 tX^UCUAG CUGAUGAGGCCGAAAGGCCGAA AAUUCOC 
251 AGGUGUC CUGAUGAOGCCGAAAGGCCGAA AGGAADU 
292 GUCGCAG CUGAUGAGGCCGAAAGGCCGAA AUUUGUG 
308 GAAGCCC CUGAUGAOGCCGAAAGGCCGAA AGGUUGG 

314 GGACCCG CUGAUSAOGCCGAAAGGCCGAA. AOCCCUA 

315 UGGACCC CUGAUGAOGCCGAAAGGCCGAA AAGCCCU 
320 UCaSCWS CUGAUGAGGCCGAAAGGCCGAA ACCCGAA 
337 UGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGGUGCC 
353 AGGUGCA CUGAUGAGGCCGAAAGGCCGAA AUGGUGU 
381 UCACUCG CUGAUGAOGCCGAAAGGCCGAA ACAGDOC 
407 GGOGCAG CUGAUGAOGCCGAAAGGCCGAA ACACAOC 
418 CGAGCAU CUGAUGAGGCCGAAAGGCCGAA AGCGGUG 

424 GCCGGGC CUGAUGAGGCCGAAAGGCCGAA AGCAUGA 

433 GACCCCA CUC5AUGAGGCCGAAAGGCCGAA AGCCGOG 

434 UGACCCC CUGAUGAGGCCGAAAGGCCGAA AAGCCGG 
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UCUOCUU aX3AlX3AGGCCX5AAAGGCCGAA ACCCCAA 

449 CUSUAGC CUGAUGAC3GCCGAAAGGCCGAA AUCUGCU 

453 ACCCOXS aX»lX3AGGCCX3AAAGCXCGAA AGCAAUC 

461 UAUCAGA CUGAIX3AGGCXGAAAGCXXX5AA AOXCUG 

462 GUAUCAG COGAUGAGGCCGAAAGGCCGAA AACCCCU 

463 GGUAUCA CCWAUGAGGCCGAAAGOCCGAA AAACCCC 
468 CAGAU3G CUGAIXSAGGCCGAAAGGCTGAA AUCAGAA 
473 GC0CC5CA OKSAUGAGGCCGAAAGGCCGAA AUGGUAU 
491 AGAAGCC CimUGAGCXXXAAAGGCCGAA ACOGGGC 

496 GGAGAAG CUGWX3AGCXXXAAAGGCCGAA ACXX:GAC 

497 UGGAGAA CUGAUGAOGCCGAAAGGCCGAA AAGCCGA 

499 AUWXAG CUGAUGAGGCCGAAAGGCCGAA AGAAGCC 

500 CAUUOQA CUGAUGAGGCCGAAAGGCCGAA AAGAAGC 
502 CACAUUG CUGAUGAGGCCGAAAGGCCGAA AGAAGAA 
511 AGCAGAU CUGAUSAGGCCGAAAGGCCGAA ACACAUU 
514 GAAAGCA CUGAUGAGGCCGAAAGGCCGAA AUGACAC 

519 UUUUCGA CUGAUGAGGCCGAAAGGCCGAA AGCAGAU 

520 UUUUUCG CUGAUGAGGCCGAAAGGCCGAA AAGCAGA 
AUUUUUC CUGAUGAGGCCGAAAGGCCGAA AAAGCAG 

531 CAAGGGU CUGAUGAGGCCGAAAGGCCGAA ACAUUUU 

537 CUUGUCC CUGAUGAGGCCGAAAGGCCGAA AGGGUGA 

566 GUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCAGGU 

599 CACAGAC CUGAW3AGGCCGAAAGGCCGAA ACAUCAG 

602 GACCACA CUGAUGAGGCCGAAAGGCCGAA ACAACAU 

609 UCCUGGG CUGAUGAGGCCGAAAGGCCGAA ACCACAG 

618 CUCAGCC CUGAUGAGGCCGAAAGGCCGAA AUCCUGG 

6A1 UGAUGGG CUGAUGAGGCCGAAAGGCCGAA AUCACCA 

^'^'^ '^ CGAAGAU CUGAUGAGGCCGAAAGGCCGAA AUGGGGA 

^-^0 UCCCGAA CUGAUGAGGCCGAAAGGCCGAA AUGAUGG 

652 GAUCCCG CUGAUGAGGCCGAAAGGCCGAA AGAUGAU 

653 GGAUCCC CUGAUGAGGCCGAAAGGCCGAA AAGAUGA 
659 CAAACAG CUGAUGAGGCCGAAAGGCCGAA AUCCCGA 

664 GAUGGCA CUGAUGAGGCCGAAAGGCCGAA ACAGGAU 

665 GGAUGGC CUGAUGAGGCCGAAAGGCCGAA AACAGGA 
671 CCAAGAG CUGAUGAGGCCGAAAGGCCGAA AUGGCAA 
674 GCACCAA CUGAUGAGGCCGAAAGGCCGAA AGGAUGG 
676 CAGCACC CUGAUGAGGCCGAAAGGCCGAA AGAGGAU 
686 UQAUAAA CUGAUGAGGCCGAAAGGCCGAA ACCAGCA 

688 UUUSAUA CUGAUGAGGCCGAAAGGCCGAA AGACCAG 

689 UUUUGAU CUGAUGAGGCCGAAAGGCCGAA AAGACCA 

690 UUUUUaA. CUGAUGAGGCCGAAAGGCCGAA AAAGACC 
692 CCUUUUU CUGAUGAGGCCGAAAGGCCGAA AUAAAGA 
720 GGOGCCU CUGAUGAGGCCGAAAGGCCGAA AUUGGUU 
755 GAAAAUU CUGAUGAGGCCGAAAGGCCGAA AUCUCCU 

759 UCGGGAA CUGAUGAGGCCGAAAGGCCGAA AUUGAUC 

760 GUCGGC^V CUGAUGAGGCCGAAAGGCCGAA AAUUGAU 

761 CGUCGQG CUGAUGAGGCXXAAAGGCCGAA AAAUUGA 

762 UCGUCGG CUGAUGAGGCCGAAAGGCCGAA AAAAUUG 
771 CCAGGAA CUGAUGAGGCCGAAAGGCCGAA AUCGUCG 
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773 AGCXAGG OXSAIXSAGGCCGAAACSGCCGAA AGAUCGU 

774 GAGCCAG OXAUGAGGCXXSAAAGGCCGAA AAGAUCG 
781 ASUGUUG CUGAllQAGGCCX^AAiUXXXXSAA AGCCAOG 
795 UGCACUG aXL\UGAGGCXGAAAGC3CCGAA AGCAGCA 

810 CCAUGUA aX3AlXyW3GCCGAAAGGCCGAA AGUCUCC 

811 UCCAUGU CtJGAUGAOGCCGAAAGGCCGAA AAGOCUC 

812 AOCCAUS OXSAUSAOGCCGAAAGGCCGAA AAAGUCU 
830 CaXSGOU CUQAIXSAOGOXSAAAOGCCGAA ACCGGUU 
855 GAGAUGC CUGMXaiGGCCGAAAOGCCGAA ACUCUCXJ 
860 GCACU3A aiGUlUC3AGC»X3AAAGGC^^ AtJGCGAC 
862 OXXACU aX2AUGAGG(XXSAAA0GCCXAA AG^UGCG 
927 UCUOGCC CUGAIX3AGGCCGAAAGGCCGAA ACUGCOJ 
981 OXSGGCA OIGAOGAGGCCGAAAGGCCGAA AGCUCCC 
990 UGGCAOJ OXSAIXSAGGCXXSAAAGGCXXSAA ACUGGGC 
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Table BXn: Mouse CD40 Hammerhead Ribozyme Target Sequences 



nt HH Target Sequence 
Position 



nt HHTai^et Sequence 
Position 



18 
16 
24 
38 

62 
62 
66 
80 
80 
81 
100 
126 
127 
170 
208 
209 
233 
267 
267 
275 
275 
276 
281 
281 
314 
354 
386 
394 
394 
395 
429 
434 
434 
441 
452 
452 
457 
458 
460 
461 
463 
472 
472 



GGUgucU u UGCCUCg 
GGuguCU u UGCCucG 
UulXXCU C gOCuGUG 
GCGcgCU a UGGGOCU 
CagcGGU c CaUCUag 
CaGCgGU C CAUCuAG 
gGWXIAU C uAGggCa 
AGUGuGCr u acgUGca 
AgtJSUGU u AcgUGCa 
gtXXxgUU a CgtXX^iG 
AAACAGCJ A CCUccac 
CtXSUgaU U UGUGCCA 
UGUgaUU U GUGCCAG 
CAgcUcU u gaGAaGA 
gGCXSAAU U CucAGcC 
GCGAAUU C ucAGcCc 
gCGAGAU u cgcUgUC 
ACCcAAU c AAggGcu 
AcCXZAAU c AaGggCu 
aAGGGCU U CGGGUua 
Ac-GGGcU U CgGgUua 
I^ r'^TdJU C GGGUuaA 
UOCGGGU u aAGaAGg 
UUcGGGU u AAC5aAGg 
ACACugU C UGuACCU 
caAgGaU u GCgaQGC 
cCugUaU c CCUGGCU 
CCUgGCU u uGGaGuu 
CCUGGCU U UGGaGUu 
CuOGCUU U GGaGUUA 
caClXSAU A CCgUCOG 
AUACCgU C USucAuC 
AUaCcGU c UGuCAUC 
CugOCaU C CcuGCcC 
GCCCAGU C OGCUUCU 
GCCCAGU C gGcuuCu 
GUCGGCU U CXJUCUCC 
UCGGCUU C UUCUCCA 
GGCUUCU U CUCCAAU 
<3CUUCUU C UCCAAUc 
UUCUUCU C CAAUcaG 
AAuCAGU C AucaCUu 
AAUcagU c auCACuU 



479 
480 
481 
481 
492 
560 
563 
572 
572 
577 
620 
626 
632 
632 
634 
635 
635 
635 
647 
649 
651 
653 
735 
759 
794 
794 
819 
824 
826 
876 
913 
997. 
1003 
1003 
1023 
1048 
1052 
1081 
1084 
1086 
1097 
1098 
1118 



cAUCAcU Xf 
AUCacuU U 
UCacuUU U 
UCACuuU U 
AAAgUGU u 
CUaAUGU c 
AUGUcaU C 
gU3G0uU a 
GuQGUUU a 
UuAAagU c 
UQGgcAV C 
UCCuCAU C 
uCAcCAU u 
UcaCCAU u 
AcCAUuU U 
CCaUuuU c 
cCAUuUU C 
CCAUuuU C 
UGuUucU C 
uUucUCU a 
uclXrUaU A 
UCUaUAU C 
gGAaGAU u 
cGCJGCU C 
AgCCuGU 
AGcCuGU 
AGAGAGU 
GUCGCAU 
CGCAUCU 
CCCUGGU 
GGCUGCU 
CUCAaCU u 
uUGCUUU u 
uugCJUU u 
gaAAgCU c 
CAGuGaU a 
gAUauCU a 

CCAGagU u 
gAGUuGU C 
gUug'JCU U 
gCgC-cGU V 

CgGcGUu C 
cgUcGCU A 



UUCgaaA 
UCGAAAA 
CGAAAAg 
cGAaAAG 

AuCCcUG 
aUCUGUG 
IX5UGGUU 
AagUCcC 
aagUcCC 
CCgGAuG 
CUCAUCA 
AcCaUuu 
UUCGGGg 
uUCggGG 
CGGGgUg 
GgGGUGu 
GGGgUgu 
ggGGUGu 
UaUAUCA 
UAUCAAA 
UCAAAAA 
AAAAAGG 
aUCCcGG 
CAGUGCA 
ACaCAGG 
acaCAGg 
GCAUOJC 
UCAGUGC 
AGUGCAG 
UgAaCcC 
GCUGACC 
GCuuUuu 
uAAggAU 
liAaGGAU 
OGGCaUC 
UCUaccA 
CCaaGuG 

GuCUugc 
UUGCUGC 
GcUGCgG 
CACUGuA 
ACUGuAA 
CAGGaGU 
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1118 


CgOSGOJ a CAygAgU 


1141 


CyCaGCU u gOGCUCG 


1164 


aCOKSgU U GCCAUCa 


1202 


IXSuaaUU a UUUaUaC 


1220 


gGcAuCU c AgAAACu 


1220 


OGCAuCU C AGAAACu 


1228 


aGAaACU c UAgcaGG 


U53 


AaCaOGa a GUGgAAu 


1331 


AGgAGcU U GCUgCcc 


1362 


uUuUGaU C CCugGGA. 


1373 


oGGaCUU c AUcrouAA 


1373 




1413 


uUGCICAU u USacdOC 


1443 


GUaaUGU a CcccGUG 


1470 . 


CACAuAU c CUaaaAu 


1452 


GugGUSU a uUGuAga 


1497 


GuAuOSU A gaAaUuA 


1508 


auUauUU a aUCcGCC 


1508 


AUuAuUU a auCCGcC 


1523 


cuGGGuU u OJaccUS 
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Table BXHt Mouse CD40 Hammerhead Riboag^ne Seq 



uenoes 



HHRibozyme Sequence 

18 CGAGGCA ClxaviKAGQCCGAAAGGOCGAA AGACACC 

18 CGA(3GCA OXSAWSAGCXXXaAAGGCCGAA AGACACC 

24 CACAGCC COGMIGAQGCCQAAAtMCCGAA AGGCAAA 

38 AGCCCCA OJGAOSAGGOCCSAAAGGCCGAA AOCQCGC 

62 OWGAUG aWAlWAQGOCGAAAGCXXGAA ACCGCUG 

62 CUAOMK CWSA08AGGCCGAAAQGCCGAA ACCGOXJ 

66 UGCCCUA aX3aVCX»OGCCGAAAGCXX«AA AtXXUkCC 

80 W3CACGU OXSAOGAQCXXGAAAQGCOGAA ACACACU 

80 XXSaCGU COGAWSAOGCCGAAAOXXXSAA ACACACU 

81 CUGCACG CUGAUGAGGCCGAAAGGCCGAA AACACAC 
100 GUGGAGG CUGAUGAGGCCGAAAGGCOGAA ACUGUUU 

126 OGGCACA COGAUGAGGCCGAAAGGCCGAA AOCACAG 

127 CUGGCAC COSAUGAGGCOGAAAGGCCGAA AAUCACA 
170 OCOUCUC COGAUGAGGCCGAAAGGCCGAA AGAGCUG 

208 GGCUGAG CUGAUGAGGCCGAAAGGCOGAA AUUCGCC 

209 GGGCOSA CUGAUGAGGOCGAAAGGCCGAA AAUUCGC 
233 GACAGCG COGAIXSAGGCCGAAAGGCCGAA AUCUCCC 
267 AGCCCUU CUGAOGAGGCCGAAAGGCCGAA AUUGGGU 
267 AGCCCUU OXSAUGAGGCCGAAAGGCCGAA AUUGGGU 
275 UAACCCG C0GAtX3AGGCCGAAAGGCCGAA AGCCCUU 

275 UAACCCG r •rr-XjQfjxcCGAPJJSXXy^ AGCCCUU 

276 UUAACCC ' oaUGAGGCCGAAAGGCCGAA AAGCCCU 
281 CCUUCUU CUGAUOAQGCCGAAAGGCCGAA ACCCGAA 
281 CCUUCUU CUGAUGAGGCCGAAAGGCCGAA ACCCGAA 
314 AGGUACA CUGAOGMGCCGAAAGGCCGAA ACAGUGU 
354 GCCUCGC CUGAUGAGGCCGAAAGGCCGAA AUCOTOG 
386 AGCCAGG CUGAUGAGGCCGAAAGGCCGAA AUACAGG 
394 AACOCCA COGAUGAGGCCGAAAQGCCGAA AGCCAGG 

394 AACUCCA CUGAOGAGGCCGAAAGGCCGAA AGCCAGG 

395 UAACUCC CUQAUSAQGCCGAAAGGCCGAA AAGCCAG 
429 CAGACGG CUGAOGAGGCCGAAAOQCCGAA AUCAGUG 
«4 GA03ACA CUGAOSAOGCCGAAAGGCTGAA ACGGUAU 
434 GAW5ACA CUGAWSAGGCCGAAAGGCCGAA ACGGUAU 
441 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AUGACAS 
452 AGAAGCC CUGAUGAGGCCGAAAGGCCGAA ACUGGGC 
452 AGAAGCC CUGAUSRGGCOGAAAGGCCGAA ACUGGGC 

457 GGAGAAG CUGAUGAGGCCGAAAGGCCGAA AGCCGAC 

458 UGGAGAA CUGAUGAGGCCGAAAGGCCGAA AAGCCGA 

460 AUUGGAG CUGAUGAOGCCGAAAQGOCGAA AGAAGTC 

461 GAUW3GA CUGAUGAGGCCCyVAAGGCCGAA AAGAA3C 
463 CW3AUU3 CUGAIXSAOGCCGAAAGGCCGAA AGAAGPA 
472 AAGUGAU CUC»lTCaW3G(XGAAAGGCCGAA ACUGACC 
472 AAGUGAU CUGAUGAGGCCGAAAGGCCGAA ACUGALX: 
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479 UUQCGAA aXSAOGAGGCCGAAAOXXGAA AGUGAOG 

480 UUUUCGA aX3AUC3AC3GCCGAAAGGCCGAA AAGUGAU 

481 CUUUUCG OXyVUGAOSCCGAAAGGCCGAA AAAGUGA 
481 CUUUUCG CtXSAUGAGGCCGAAAGGCCGAA AAAGUGA 
492 CAGGGAU C0GAW3AGGCCGAAAGGCCGAA ACACUUU 
560 CACAGAU CUGAUSAGCXXX3AAAGGCCGAA ACAUUAG 
563 AACCACA COGAUCSAOGCCGAAAGGCCGAA AUGACAU 
572 GGGACUU COGAUGAOGCCGAAAGGCCGAA AAACCAC 
572 GGGACUU OJGAtXSAGGCCGAAAGGCCGAA AAACCAC 
577 CAUCCGG CTOAWSAGGCXXyUUUJGCOGAA ACUUUAA 
620 UGAUGAG CUGAUGAQGCCGAAAGGCCGAA AUGCCCA 
626 AAAUGGU CUSAUGAGGCCGAAAGGCCGAA AUGAGGA 
632 CCCCGAA CUSAIXSAGGCCGAAAGGCCGAA AUGGUGA 
632 CCCCGAA CUSAUGAOQCCGAAAGGCCGAA AUGGUGA 

634 . CACCCCG CUGAUGAGGCCGAAAGOCCGAA AAAUGGU 

635 ACACCCC COGAUGAGGCCGAAAGGCCGAA AAAAUGG 
635 ACACCCC CUGAUGAQGCCGAAAGGCCGAA AAAAUGG 
635 ACACCCC CUGAUGAGGCCGAAAGGCCGAA AAAAUGG 
647 UGAUAUA CU3AUGAQGCCGAAAQGCCGAA AGAAACA 
649 UUUGAUA OXSAUGAGGCCGAAAGGCCGAA AGAGAAA 
651 UUUUUGA OXyvUGAGGCCGAAAGGCCGAA AUAGAGA 
653 CCUUUUU CUSAUGAOGCCGAAAGGCCGAA AUAUAGA 
735 CCGGGAU CUGAIJSAGGCCGAAAGGCCGAA AUCUUCC 
759 UGCACUG CUGAUGAGGCCGAAAGGCCGAA AGCAGCG 
794 CCUGUGU CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
794 CCUGUGU CUGAUGAGGCCGAAAGGCCGAA ACAGGCU 
819 GAGAUGC CUGAUG. ^ "CGAAAGGCCGAA ACUCUCU 
824 GCACUGA CUGAU(.-= <\.-CGAAAGGCCGAA AUGCGAC 
826 CUGCACU CUGAUGAGGCCGAAAGGCCGAA AGAUGCG 
876 GGGUUCA CUGAUGAGGCCGAAAGGCCGAA ACCAGGG 
913 GGUCAGC CUGAUGAGGCCGAAAGGCCGAA AGCAGCC 
997 AAAAAGC CUGAUGAGGCCGAAAGGCCGAA AGUUGAG 

1003 AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 

1003 AUCCUUA CUGAUGAGGCCGAAAGGCCGAA AAAGCAA 

1023 GAUGCCC CUGAUGAGGCCGAAAGGCCGAA AGCUUUC 

1048 UOGOAGA CUGAUGAGGCCGAAAGGCCGAA AUCACUG 

1052 CACUUGG CUGAUGAGGCCGAAAGGCCGAA AGAUAUC 

1081 GCAAGAC CUGAUGAGGCCGAAAGGCCGAA ACUCUOG 

1084 GCAGCAA CUGAUGAGGCCGAAAGGCCGAA ACAACUC 

1086 CCGCAGC CUGAUGAGGCCGAAAGGCCGAA AGACAAC 

1097 UACAGUG CUGAXX3AQGCCGAAAGGCCGAA ACGCCGC 

1098 UUACAGU CUGAUGAGGCCGAAAGGCCGAA AACGCCG 
1118 ACUCCUG CUGAUGAGGCCGAAAGGCCGAA AGCCACG 
1118 ACUCCUG CUGAUGAGGCCGAAAGGCCGAA AGCCACG 
1141 CGAGCAC CUGAUGAGGCCGAAAGGCCGAA AGCUGCG 
il64 UGAUGGC CUGAUGAGGCCGAAAGGCCGAA ACCAGGU 
1202 GUAUAAA CUGAUGAGGCCGAAAGGCCGAA AAUUACA 
1220 AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGCC 
1220 AGUUUCU CUGAUGAGGCCGAAAGGCCGAA AGAUGCC 
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1228 CCUGCUA CUGAUGAGGCCGAAAGGCCGAA AGUUUCU 

1253 AUOCCAC ClX5AUCi^GGCCXSAAAGGCCGAA ACCUGUU 

1331 GGGCAGC CtK5AtX3AaGCXX5AAAGGCCGAA AGCUCCU 

1362 UCCCAGG OXSAUcy^GCCCCyUU^GGCCGAA AUCAAAA 

1373 UUACCAU CUGAUGAGGCCGAAAGGCCGAA AAGUCCC 

1373 UUACCAU CUGAUGAGGCCGAAAGGCCGAA AAGUCCC 

1413 GAGGUCA CUGAUGAGGCCGAAAGGCCGAA AUGACAA 

1443 CACGGGG CUGAUGAGGCCGAAAGGCCGAA ACAUUAC 

1470 AUUUUAG CUGADGAQQCCGAAAGGCCGAA AUAUGUG 

1492 UCUACAA OJGAWSAGGCOGAAAGGCCGAA ACACCAC 

1497 UAAUUUC CUGAUGAGGCCGAAAGGCCGAA ACAAUAC 

1508 GGCGGAU CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 

1508 GGCGGAU CUGAUGAGGCCGAAAGGCCGAA AAAUAAU 

1523 CAGGUAG CUGAUGAGGCCGAAAGGCCGAA AACCCAG 
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Table Cll: 2.5 jimol RNA Synthesis Cycle 





cv|ui vaienis 


Amount 


Walt 








Time* 


Phosphoramidites 


6.5 


163 hL 


2:5 


S-Ethyl Tetrazole 


23.8 


238 


2.5 


Acetic Anhydride 


100 


233 jiL 


5 sec 


AAMethyl Imidazole 


186 


233 nL 


5 sec 


TCA 


83.2 


1.73 mL 


21 sec 


Iodine 


8.0 


1.18 mL 


45 sec 


Acetonitrile 


NA 


6.67 mL 


NA 



• Wait time does not include contact time during delivery. 
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Table EVII: Deprotection of a 36 mer aU ribo oligo usine 70% ethvUmino i 
aqueous. The data are as foUows upon HPLC reprocSg ""^y^^"^"^^ 

Sample OD-s % Full Length »/, frontside -/obackside 

Product (FLP) 



MA lo'ees" 


0.984 


14.5073 


71 cnAf\ 


13.8186 


MA 10'@65' 


1.125 


18 9269 


o/,oU06 


13.2725 


EA rt 10' 


0.925 


16 "5804. 


66.8186 


16.6010 


EA rt 10' 


0.920 


15 7421 




16.6785 


EA rt 30* 


0.971 


174694 


b7.o7a2 


14.8525 


EA rt 30' 


0.794 


ID./D07 


69.8084 


14.4329 


EA 40" 10* 


0.819 


18.0827 


66.4937 


15.4236 


EA 40* 10' 


0.986 


17.5763 


66.7865 


15.6372 


EA 40' 15' 


0.877 


18.7963 


67.0064 


14.1999 


EA 40° 15' 


0.911 


18.7808 


70.7306 


10.4885 


EA 55' 10' 


1.001 


17.8810 


66.4703 


15.6487 


EA 55» 10' 


1.023 


19.1069 


68.6706 


12.2225 
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Claims 



1. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
5 said nucleic acid comprises a 2'-C-allyl modification at position No. 4 

of said nucleic acid, and wherein said nucleic acid cocnprises at least 
ten 2'-0-methyl modifications, and wherein said nucleic acid 
comprises a 3*- end modification. 

2. The enzymatic nucleic acid of claim 1. wherein said nucleic acid 
0 comprises a 3''3' linked inverted ribose moiety at said 3' end. 

3. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
said nucleic acid comprises a 2'-amino modification at position No. 4 
and/or at position No. 7 of said nucleic acid, wherein said nucleic acid 
5 comprises at least ten 2*-0-methyl modifications, and wherein said 

nucleic acid comprises a 3'-3' linked inverted ribose or thymidine 
moiety at its 3' end. 

4. An enzymatic nucleic acid having a hammerhead motif, wherein said 

nucleic acid comprises of at least five ribose residues, and wherein 
3 said nucleic acid comprises a non-nucleotide substitution at position 

No. 4 and/or at position No. 7 of said nucleic acid molecule, wherein 
said nucleic acid comprises at least ten 2*-0-methyl modifications, and 
wherein said nucleic acid comprises a 3'-3' linked inverted ribose or 
thymidine moiety at its 3* end. 

) 5. An enzymatic nucleic acid which cleaves target mRNA having a 
sequence selected from SEQ. ID. NOS. 34, 35. 57. 125. 126. 127, 
128. 129. 140. 162. 170. 179, 188. 223, 224, 236, 245, 246. 256. 259. 
260, and 281, wherein said nucleic acid comprises of at least five 
ribose residues, and wherein said nucleic acid comprises a 6-methyl 

► uridine substitution at position No. 4 and/or at position No. 7 of said 

nucleic acid molecule, wherein said nucleic acid comprises at least 
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ten 2*-0-methyl modifications, and wherein said nucleic acid 
comprises a 3'-3' linked inverted ribose or thymidine moiety at its 3' 
end. 

6. The enzymatic nucleic acid which cleaves target mRNA having a 
sequence selected from SEQ. ID. NOS. 34, 35, 57, 125 126 127 
128, 129. 140. 162. 170. 179. 188. 223, 224. 236, 245. 246, 256, 259,' 
260. and 281, wherein said nucleic acid comprises-of at least five 
ribose residues, wherein said nucleic acid comprises a 2'-C-allyl 
modification at position No. 4 of the said nucleic acid, wherein said 
nucleic acid comprises at least ten 2'.0-methyl modifications, and 

wherein said nucleic acid comprises a 2'-3' linked inverted ribose or 
thymidine moiety at its 3' end. 

7. The enzymatic nucleic acid of any one of claims 1-6. wherein said 

nucleic acid comprises phosphorothioate linkages at least three of the 
^ ^ seven 5' temiinal nucleotides. 

8. Nucleic acid molecule which blocks synthesis and/or expression of an 

mRNA encoding B7-1. B7-2. B7-3 and/or CD40. 

9. The nucleic acid of claim 8. wherein said molecule is an enzymatic 

nucleic acid molecule. 

20 10. The nucleic acid molecule of claim 9. wherein, the binding arms of said 
enzymatic nucleic acid contain sequences complementary to the 
nucleotide base sequences in any one of Tables Bll. BIV, BVI BVIII 
BX. BXII, BXIV, BXV, BXVI, BXVII, BXVIII and BXIX. 

1 1. The nucleic ackj molecule of claims 9 or 10. wherein said nucleic acid 
molecule is in a hammerhead motif. 

12. The enzymatic nucleic acid molecule of claim 9 or 10. wherein said 
nucleic acid molecule is in a hairpin, hepatitis Delta virus, group I 
intron. VS nucleic acid or RNaseP nucleic acid motif. 
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13. The enzymatic nucleic acid molecule of any of claims 9 or 10. wherein 
said ribozyme comprises between 12 and 100 bases complementary 
to the RNA of said region. 

14. The enzymatic nucleic acid of claim 13. wherein said ribozyme 
comprises between 14 and 24 bases complementary to the RNA of 
said region. 

15. Enzymatic nucleic acid molecule consisting essentially of any ribozyme 
sequence selected from those shown in Tables Bill, BV, BVI. BVII. BIX, 
BXI. BXIII. BXIV, BXV. BXVI, BXVIi. BXVIII. 

16. A mammalian cell including an enzymatic nucleic acid molecule of any 
of claims 8 or 9. 

17. The cell of claim 16. wherein said cell is a human cell. 

18. An expression vector comprising nucleic acid encoding the enzymatic 
nucleic acid molecule of any of claims 9 or 10, in a manner which 
allows expression and/or delivery of that enzymatic RNA molecule 
within a mammalian cell. 

19. A mammalian cell including an expression vector of claim 18, 

20. The cell of claim 19. wherein said cell is a human cell. 

21. A method for treatment of a patient having a condition associated with 
the level of B7-1. B7-2, 87-3 and/or CD40, wherein the patient, tissue 
donor or population of corresponding cells is administered a 
therapeutically effective amount of an enzymatic nucleic acid molecule 
of claims 8, 9 or 10. 

22. A method for treatment of a condition related to the level of B7-1 . B7-2, 

B7-3 and/or CD40 activity by administering to a patient an expression 
vector of claim 21. 

23. The method of claims 21 or 22. wherein said patient is a human. 
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24. A method for inducing tolerance in a recipient to ailoantigen of a donor 
comprising treating antigen presenting cells from a donor with nucleic 
add Of claim 8 or 9. and Infusion of said treated antigen presenting 
cells into said recipient. 

25. A method for enhancing graft tolerance comprising contacting a nucleic 
acid of claims 8 or 9 with ceils of said graft prior to transplantation. 

26. A method for treatment of an autoimmune disease, comprising 
contacting an antigen presenting cell of a patient with a nucleic acid of 
claims 8 or 9. 

27. The method of claim 26. wherein said cells are contacted ex vivo with 
said nucleic acid. 

28. The method of claim 26. wherein said cells are contacted with 
autoantigen characteristic of said disease. 

29. The method of claim 28, wherein said cells are reinfused into said 
•5 patient. 

30. Enzymatic nucleic acid having at least one modified base substitution 
wherein said base substitution is selected from a group comprising 
pyr.din^-one, pyridin.2-one. phenyl, pseudouracil, 2. 4. 6-trimethoxy 
benzene. 3-methyluracil. dihydrouracil. naphthyl. 6-methy|.uracil and 

20 aminophenyl. 

31. The enzymatic nucleic acid of any of claim 30. wherein said nucleic 
acid has a hammerhead motif. 

32. Mammalian cell comprising an enzymatic nucleic acid molecule of and 
of claims 30-31. 

33. The enzymatic nucleic acid of claim 31. wherein said nucleic acid 
includes said modified base substitutions at position 4 or at position 7. 

34. The ribozyme of claim 33. wherein said substitution is 6-methyl uracil. 

35. The ribozyme of claim 33. wherein said substitution is pyridin-4-one. 



25 
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36. The ribozyme of claim 33, wherein said substitution is phenyl. 

37. The ribozyme of claim 33. wherein said substitution is pyridin-2-one. 

38. The ribozyme of claim 33, wherein said substitution is pseudouracil. 

39. The ribozyme of claim 33, wherein said substitution is 2. 4. 6-trimethoxy 
5 benzene. 

40. The ribozyme of claim 33, wherein said substitution is dihydrouracil. 

41. The ribozyme of claim 33, wherein said substitution is 3-melhyluracil. 

42. The ribozyme of claim 33, wherein said substitution is naphthyl. 

43. The ribozyme of claim 33, wherein said substitution is aminophenyl. 
10 44. 2'-deoxy-2'-alkylnucleoside. 

45. 2'-deoxy-2'-alkylnucleotide. 

46. Oligonucleotide comprising one or more 2'-deoxy-2'-alkylnucleotides. 

47. Enzymatic nucleic acid comprising a 2'-deoxy-2'-alkylnucleotide. 

48. Method for producing an enzymatic nucleic acid molecule having 
1 5 enhanced activity to cleave an RNA or single-stranded DNA molecule, 

comprising the step of fonning said enzymatic molecule with at least 
one nucleotide having at its 2'-position an alkyi group. 

49. 2'-deoxy-2'-alkylnucleotide triphosphate. 

50. Method for synthesis of a 2'-C-allyl derivative from a 5'-0-DMT-3'-0- 
20 TBDMS-base comprising the steps of: 

(a) phenoxyltriocarbonylation of S'-O-DMT-S'-O-TBDMS-base to yeild 
a thIoGSter. replacing a 2' hydroxyl group with a phenoxythiocarbonyl 
group, and 
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(b) Heck acylation of said thioester to form a 2'-C-allyl derivative in 
said 2'.phenoxythiocarbony, group is replaced with said " C- 
alkyl group to yield said 2'-C-allyl derivative. 



51 . A compound having the fonnula: 

R2-0 




wherem. Rl represents 2'-0-alkylthioalkyI or 2--C-alkylthioaiky|- X 
represents a base or H; Y represents a phosphorus-containing group- 
and R2 represents O. DMT or a phosphoms-containing group. 

52. Oligonucleotide comprising one or more compounds of claim 51. 

53. Enzymatic nucleic acid comprising a compound of claim 51 . 

54. The compound of claim 51. wherein said compound is in the fom, of a 
triphosphate. 

55. Enzymatic nucleic acid of claim 53 wherein said nucleic acid is in a 
nammemead motif. 

56. Enzymatic nucleic acid of claim 53. wherein said nucleic acid is in a 
hairpin. hepatitis delta virus, group I intron. VS RNA or RNase P RNA 
motif. 



57 Enzymatic nucleic acid of claim 55. wherein said hammerhead 
nbozyme has positions 4 and/or 7 substituted with 2'-0- 
methylthiomethyl. 
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58. Enzymatic nucleic acid of claim 55 or 57. wherein one monomer in 
stem II of said hammerhead is substituted with at least one 2'-0- 
methylthiomethyl. 

59. Enzymatic nucleic acid of claim 55 or 56, wherein said nucleic acid is 
substituted at one or more positions with 2'-0-methylthiophenyl. 

60. A mammalian cell comprising a compound of any one of the claims 51- 
59. 

61. The cell of claim 60, wherein said cell is a human ceil. 

62. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of fomiing said enzymatic molecule with at least 
one position having at its 2'-position an 2'-0.alkylthioallcyl and/or 
2'-C-alkylthioalkyl group. 

64. Hammerhead ribozyme having a non-nucleotide in the catalytic core in 
a site selected from the group consisting of the normally occurring 
uracil at position 4 and 7. 

65. Hammerhead ribozyme having a stem II and a loop II. wherein said 
loop II comprises a non-nucleotide. 

66. Hammerhead ribozyme having a non-nucleotide at its 3' end. 

67. A mammalian cell comprising an enzyniatic nucleic acid molecule of 
any one of the claims 64-67. 

68. The cell of claim 67. wherein said cell is a human cell. 

69. Method of synthesis of abasic ribonucleoside mimetics described in 
figure 58. 

70. A method for the deprotection of RNA comprising the step of providing 
aqueous ethylamine (EA) at between 25'C - 60«C for 5 to 30 minutes 
to remove any exocyclic amino protecting groups from protected RNA. 
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71. The method of claim 70 wherein, said ethylamine is provided at 40«>C 
for 10 minutes. 

72, The method of claim 70 wherein, said ethylamine is provided at SS'^C 
for 1 0 minutes. 

5 73. The method of claim 70. further comprising deprotection of RNA 
alkylsilyl protecting groups comprising, contacting said groups with 
anhydrous triethylamine.hydrogen fluoride (aHF.TEA) trimethylamine 
or diisopropylethylamine at between 60 "0.70 for 0.25-24 h. 

74. The method of any one of claims 70-73 wherein, said RNA is an 
•0 enzymatic RNA. 

75. Method for synthesis of an enzymatic nucleic acid, comprising the steps 
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providing a 3' and a 5' portion of said enzymatic nucleic acid having 
independent chemically reactive groups at the 5' and 3' positions 
respectively, under conditions in which a covalent bond is formed 
between said 3' and 5' portions by said chemically reactive groups 
sa.d bond being selected from the group consisting of. disulfide" 
morpholmo, amide, ether, thioether. amine, a double bond" 
sulfonamide, ester, carbonate, hydrazone. said bond not being a 
natural bond fomied between a 5" phosphate group and a 3' hydroxyl 
group. 

76. The method of claim 75. wherein said nucleic acid has a hammerhead 
motif and said 3' and 5' positions each have said chemically reactive 
groups in or immediately adjacent to the stem II region. 

77. The method of claim 75. wherein one said chemically reactive group is 

(CH2)nSH and the other chemically reactive group is (CH2)nSH 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

78. The method of claim 75. wherein one said chemically reactive group is 
(CHgjnNHg and the other chemically reactive group is ribose. wherein 
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each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

79. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is COOH, 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

80. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nX and the other chemically reactive group is (CH2)pOH or 
(CH2)nSH; wherein each n independently is an integer from 0 to 10 
inclusive and may be the same or different; X is halogen. 

81. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

82. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nPPh3 and the other chemically reactive group is CHO, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

83. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nNH2 and the other chemically reactive group is (CH2)nS02CI, 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

84. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nOH and the other chemically reactive group is COOH, wherein 
each n independently is an integer from 0 to 10 inclusive and may be 
the same or different. 

85. The method of claim 75. wherein one said chemically reactive group is 
(CH2)nCOH and the other chemically reactive group is (CH2)nNH2, 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 
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86. The method of claim 75, wherein one said chemically reactive group is 
(CH2)nCOX and the other chemically reactive group is (CH2)nOH, 
wherein each n independently is an integer from 0 to 10 inclusive and 
may be the same or different. 

87. The method of claim 78, wherein said conditions include provision of 
Nal04 in contact with said ribose» and subsequent provision of NaBH4 
or NaCNBH3, 

88. The method of claim 79, wherein said conditions include provision of a 
coupling reagent. 

99. A mixture comprising 5' and 3' portions of an enzymatic nucleic acid 
having a 3' and 5' chemically reactive group respectively selected 
from the group consisting of (CH2)nSH, (CH2)nNH2, ribose. COOH, 
(CH2)nX. (CH2)nPPh3. CHO. (CH2)nS02Ci. (CH2)nCOX. (CH2)nX, 
(CH2)nOH, {CH2)nC0H. and (CH2)nSH; wherein each n 
independently is an integer from 0 to 10 inclusive and may be the 
same or ' "*ferent and X is halogen, 
■ > » 

90. The method of claim 75, wherein one said chemically reactive group is 
linking group-SH and the other chemically reactive group is linking 
group-SH. wherein each linking group may be the same or different. 

91. The method of claim 75, wherein one said chemically reactive group is 
linking group*NH2 and the other chemically reactive group is ribose. 

92. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is COOH. 

93. The method of claim 75, wherein one said chemically reactive group is 
linking group-X and the other chemically reactive group is linking 

group-OH or linking group-SH; wherein each linking group may be the 
same or different; X is halogen. 

94. The method of claim 75, wherein one said chemically reactive group is 
linking group-NH2 chemically reactive group is CHO. 
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95. The method of claim 75, wherein one said chemically reactive group is 
linking group-PPhs other chemically reactive group is CHO. 

96. The method of claim 75. wherein one said chemically reactive group is 
linking group-NH2 and the other chemically reactive group is linking 
group-SOgCI. wherein each linking group may be the same or 
different. 

97. The method of claim 75, wherein one said chemically reactive group is 
linking group-OH and the other chemically reactive group is COOH. 

98. The method of claim 75, wherein one said chemically reactive group is 
linking group-COH and the other chemically reactive group is linking 
group-NH2, wherein each linking group may be the same or different. 

99. The method of claim 75, wherein one said chemically reactive group is 
linking group-COX and the other chemically reactive group is linking 
group-OH. wherein each linking group may be the same or different. 

100. The method c ' im 91, wherein said conditions include provision of 
Nal04 in contact with said ribose, and subsequent provision of NaBH4 
or NaCNBHs- 

101. The method of claim 100, wherein said conditions include provision of 
a coupling reagent. 

20 102. A mixture comprising 5' and 3' portions of an enzymatic nucleic acid 
having a 3' and 5' chemically reactive group respectively selected 
from the group consisting of linking group-SH. linking group-NHa. 
ribose, COOH, linking group-X. linking group-PPhs. CHO. linking 
group-S02CI, linking group-COX. linking group-X. linking group-OH, 

25 linking group-COH, and linking group-SH; wherein each linking group 

may be the same or different and X is halogen. 

103. A transcribed non-naturally occuring RNA molecule, comprising a 

desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3" 
30 region and 5' complementary nucleotides in said RNA. wherein said 
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Stem comprises at least 8 base pairs wherein said molecule is 
transcribed by a RNA polymerase 11 promoter system. 

104. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 

5 intramolecular stem formed by base-pairing interactions between a 3' 

region and 5' complementary nucleotides in said RNA. wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by a U6 small nuclear RNA promoter system. 

105. A transcribed non-naturally occuring RNA molecule, comprising a 
1 0 desired therapeutic RNA portion, wherein said molecule comprises an 

intramolecular stem formed by base-pairing interactions between a 3* 
region and 5' complementary nucleotides in said RNA, wherein said 
stem comprises at least 8 base pairs, wherein said molecule is 
transcribed by an adenovirus VA1 RNA promoter system. 

15 106. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic T '^ portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA, wherein said 
stem comprises at least 8 base pairs, wherein said molecule is a 

20 chimeric adenovirus VA1 RNA. 

107. A transcribed non-naturally occuring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and 5' complementary nucleotides in said RNA, wherein said 

25 stem comprises at least 8 base pairs, wherein said intramolecular 

stem is separated from said desired RNA by a spacer sequence. 

108. The RNA molecule of claim 107, wherein said spacer sequence is 
about 5-50 nucleotides. 
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